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During the efficient genetic transformation of plants with the gene of interest, some selectable marker genes are also used
in order to identify the transgenic plant cells or tissues. Usually, antibiotic- or herbicide-selective agents and their
corresponding resistance genes are used to introduce economically valuable genes into crop plants. From the biosafety
authority and consumer viewpoints, the presence of selectable marker genes in released transgenic crops may be
transferred to weeds or pathogenic microorganisms in the gastrointestinal tract or soil, making them resistant to treatment
with herbicides or antibiotics, respectively. Sexual crossing also raises the problem of transgene expression because
redundancy of transgenes in the genome may trigger homology-dependent gene silencing. The future potential of
transgenic technologies for crop improvement depends greatly on our abilities to engineer stable expression of multiple
transgenic traits in a predictable fashion and to prevent the transfer of undesirable transgenic material to non-transgenic
crops and related species. Therefore, it is now essential to develop an efficient marker-free transgenic system. These
considerations underline the development of various approaches designed to facilitate timely elimination of transgenes
when their function is no longer needed. Due to the limiting number of available selectable marker genes, in future the
stacking of transgenes will be increasingly desirable. The production of marker-free transgenic plants is now a critical
requisite for their commercial deployment and also for engineering multiple and complex trait. Here we describe the
current technologies to eliminate the selectable marker genes (SMG) in order to develop marker-free transgenic plants and
also discuss the regulation and biosafety concern of genetically modified (GM) crops.
[Tuteja N, Verma S, Sahoo RK, Raveendar S and Reddy INBL 2012 Recent advances in development of marker-free transgenic plants: regulation
and biosafety concern. J. Biosci. 37 167–197] DOI 10.1007/s12038-012-9187-5
1. Introduction
Genetic engineering of plants mostly involves the addition of
genetic material (single or multiple genes) that is integrated
into a recipient plant, leading to the modification of the plant’s
genome. The plants with modified genome are known as
transgenic plants or genetically modified (GM) plants. The
first successful genetic engineering of a plant was reported in
1983. Broad-leafed plants such as tobacco and tomato were
easiest to transform, and reliable transformation of cereals such
as rice and maize were not reported until the late 1980s. In
2008, 13.3 million farmers worldwide grew GM crops. Of
these, 12.3 million, or 90%, were smallholder, resource-poor
farmers in developing countries.
In 1996, the transgenic GM crops were released and
commercialized in the US, China, Canada, Argentina,
Australia and Mexico. The estimated area of the commercial
production of GM crops was approximately 52.6 million ha.
GM crop was legally accepted and commercialized in only
13 countries by that time (the US, Argentina, Canada,
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China, South Africa, Australia, Mexico, Bulgaria, Uruguay,
Romania, Spain, Indonesia and Germany). The commercial
production of GM crops in India and Brazil began in 2002.
The increase between 2000 and 2001, in 1 year alone, was
9.4 million ha and represented a 19% increase (http://www.
agnet.org/library/eb/526/). By the end of 2001, 52.6 million
ha was allotted to transgenic or GM crops, and the number
of countries growing these crops has since increased
dramatically to almost more than double (James 2001).
The US and Argentina account for 83.5% of all commercial
GM crops planted to date. Together with Canada and China,
these four countries accounted for almost 99% of the global
GM crop area in 2001 (James 2001).
The GM crop area in developing countries increased
from 14% in 1997 to 26% in 2001 (James 2001), which
represents a higher percentage of growth than in industrial
countries. Over 98% of all GM crops in developing
countries are grown in Argentina and China. China has
approved 31 applications for commercialization of GM
crops (Huang et al. 2002). In the Latin American continent,
Mexico banned GM maize in 1998. Brazil has a moratorium
on growing commercial GM crops and is sometimes
presented as the country that will supply the world its
non-GM soybean (Campolina de Oliveira Soares 2001).
However, especially in regions close to Argentina and
Paraguay, GM soybean is estimated to occupy 35% of the
Brazilian total soybean growing area, albeit illegally
(Schuhmacher 2002). In Asia, India has approved the
commercial application of GM cotton in 2002 (James
2002a, b). In the African continent, South Africa is so far
the only country growing commercialized GM crops.
Europe and Australasia are not growing substantial number
of GM crops.
On a global basis in 2010, a record 15.4 million farmers
grew biotech crops in about 1 billion ha. It is interesting to
note that over 90% of these, about 14.4 million, were small
resource-poor farmers in developing countries (James
2010). The number of countries growing GM crops has
increased to 29 in recent years. This suggests that the GM
crops are the fastest adopted technology in the field of
agriculture (James 2010). The benefits and dangers of GM
crops are the subject of intense debate. The five key areas of
political controversy related to GM crops are food safety,
the effect on natural ecosystems, gene flow into non-GM
crops, moral/religious concerns and corporate control of the
food supply. Horizontal transfer of antibiotic-resistance
genes to animal and human gut bacteria and vertical transfer
of herbicide-resistance genes to weedy relatives are per-
ceived as major biosafety concerns in genetically engineered
crops (Dale et al. 2002). Selectable marker gene (SMG)
elimination is very important for transgene stacking
(Francois et al. 2002; Halpin 2005; Manimaran et al.
2011). SMG elimination enables engineering of a transgenic
plant with additional transgenic traits by sequential trans-
formations using the same SMG (Hohn et al. 2001). Only a
few SMGs are available for transforming a crop plant. In
addition, repeated use of the same promoter and a
polyadenylation signal for different SMGs could cause gene
silencing in transgene-stacked lines (Matzke et al. 1989).
Although the advantage of SMG elimination in transgene
stacking by sequential transformation was recognized very
early (Yoder and Goldsbrough 1994), very little progress
has been made in this direction. Here we discuss the
regulation of GM crops and also describe the recent
advances and current technologies to eliminate the SMG
from the transgenic plant genome. This article will be very
useful for a better understanding of developing marker-free
transgenics plants keeping in mind that this is the major
biosafety public concern.
2. Genetic transformation
Transgenic technologies have enormous potential to
improve crops of interest in a relatively precise way
(Barampuram and Zhang 2011). Genes of interest are
introduced, often by Agrobacterium-mediated transforma-
tion, and become integrated at random positions in the
genome. Initial experiments involved gene transfer by
using Agrobacterium tumefaciens (Herrera-Estrella 1983).
The development of sophisticated methods has opened the
way for an alternative procedure for engineering plants
using direct DNA transfer. The protocols for this transfer
include particle bombardment (Gan 1989), chemical treat-
ments and electroporation (Bates 1994). Following the
development of particle bombardment methods, the
transformation of most crop species has been rapidly
achieved using various modifications of the technique.
However, the methods to introduce foreign DNA in a
plant cell, either by Agrobacterium tumefaciens, micro-
injection, particle gun or protoplast transformation, are
relatively inefficient (Rakoczy-Trojanowska 2002). The
addition of gene to the desired trait of the plant also
requires the use of selection marker genes to select the
transformed cells and tissues.
The genetic markers developed for use in plant cells in
general have been derived from either bacterial or plant
sources and can be divided into two types: selectable and
screenable markers.
& Selectable markers are those which allow the selection
of transformed cells, or tissue explants, by their ability
to grow in the presence of an antibiotic or a herbicide,
such as Hygromycin, Kanamycin and Glyphosate. In
addition to selecting for transformants, such markers can
be used to follow the inheritance of a foreign gene in a
segregating population of plants.
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& Screenable markers encode gene products whose enzyme
activity can be easily assayed, allowing not only the
detection of transformants but also an estimation of the
levels of foreign gene expression in transgenic tissue.
Markers such as β-glucuronidase (GUS), luciferase or
β-galactosidase allow screening for enzyme activity by
histochemical staining or fluorimetric assay of individual
cells and can be used to study cell-specific as well as
developmentally regulated gene expression.
The co-introduction of selectable marker genes, especially
antibiotic-resistance genes, is required for the initial selection
of plant cells that are complemented with a new trait.
3. Selectable marker genes
SMG systems and reporter genes are essential to plant
genetic engineering and for the development of transgenic
crops. These are almost always present in engineered DNA
plasmids used for genetic transformation of plant tissue (Lee
and Gelvin 2008). Without them, creation of transgenic
crops is not feasible on purely economic and practical terms.
These systems allow the relatively straightforward identi-
fication and selection of plants that have stably incorpo-
rated the marker genes along with the genes of interest.
Selectable markers allow the transformed tissue to tolerate
an otherwise lethal exposure of an antibiotic or herbicide.
Untransformed cells and tissues are killed while the cells
carrying the desired gene grow and regenerate into plants.
A visible marker gene will display a colour characteristic
when the transformed tissue is exposed in certain assays.
Selectable markers and visible marker reporter genes
rarely affect the studied trait of interest, but provide a
powerful tool in determining the success of the transfor-
mation events or identification of transformation events
before the gene of interest (GOI) can be identified in the
culture (Sheen et al. 1995).
Two main aspects of the marker gene have to be
considered. Firstly, its structure (nucleic acid sequence),
which will determine factors such as regulation of tran-
scription (constitutive, environmental or developmental
expression), rate of transcription, transcript stability and
efficiency of translation. Secondly, the gene product is
responsible for the dominant expression of a suitable
selective phenotype. The selectable functions on most
general transformation vectors are prokaryotic antibiotic-
resistance enzymes that have been engineered to be
expressed constitutively in plant cells.
3.1 Commonly used selectable marker genes
Table 1 describes a list of different marker genes, mostly
conferring resistance to antibiotics or herbicides, which
have been used previously for plant transformation studies.
However, the most commonly used selectable markers are:
& nptII and hpt genes (for resistance to the aminoglycoside
antibiotics, kanamycin and hygromycin)
& bar gene (for resistance to herbicide phosphinothricin)
Commercialization of products from plant biotechnology
is hampered largely by (public) concerns about possible
risks related to the introduction of genetically modified
(GM) plants. An unprecedented debate has accompanied the
development and commercialization of transgenic crops.
The presence of selectable marker genes, which include
genes coding for antibiotic resistance that are essential for
the initial selection of transgenic plants, is considered
undesirable by regulatory agencies in Europe. Divergent
policies and their implementation in the European Union on
one hand and the rest of the world have resulted in disputes
with serious consequences on agricultural policy, world
trade and food security. The possible ecological risks
formed by the spread of these markers in the natural
environment represent a major issue of debate. A major
issue of concern relates to the fact that transgenes integrate
at random positions in the genome leading to possible
unwanted side effects (position effect) and unpredictable
expression patterns (Prols and Meyer 1992).
Approximately 50 different selection systems have
been developed over the past several years (Sundar and
Sakthivel 2008; Miki and McHugh 2004). In addition, the
existence of marker genes in transgenic crops could evoke
additional, lengthy risk assessments for release of crops
that contain useful novel traits. Horizontal gene transfer
(HGT) is the transfer of genetic material directly to a
living cell or an organism followed by its expression.
HGT occurs only among unrelated species, such as
between plants and microbes, as well as between micro-
organisms (Thomson 2001). HGT has been shown to
engage members of the same species, of different species,
or even of different domains of life. HGT as a biosafety
issue has been addressed in several studies and a number
of potential hazards have received much attention and
have been debated intensively in the scientific and
popular press (Ho et al. 1999).
Markers that used in genetic transformation and plant
regeneration have been described recently. However, con-
tinuous expression of these markers may interfere with
normal plant growth and development (Ebinuma et al.
1997). Gene stacking by using different selectable marker
genes will lead to duplication of promoters and polyA
signals that may cause un-anticipated gene silencing.
Removal of this type of marker from plant tissues is
necessary unless expression is under stringent control.
Furthermore, current transformation technologies permit
only the introduction of a very limited number of genes
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Table 1. Selectable marker gene used in plant transformation
Gene Sources Gene product Selective agent References
aadA Shigella flexneri Aminoglycoside-3-
adenyltransferase
Streptomycin, spectinomycin Hare and Chua (2002)
neo nptII Escherichia coli Tn5 Neomycin phosphtransferase II Kanamycin, neomycin,
geneticin (G418),
paromommycin, amikacin
Fraley et al. (1983)
nptIII Streptococcus faecalis
R plasmid
Neomycin phosphotransferase III Kanamycin, neomycin,
geneticin (G418),
paromommycin, amikacin
Hare and Chua (2002)
nptI, (aphA1)
aaC3
Serratia marcesens Aminoglycoside-N-
acetyltransferase
kanamycin, neomycin,
geneticin, paramomycin,
gentamycin, tobramycin,
apramycin
Hayford et al. (1988)
AK Escherichia coli Aspartate kinase High concentration lysine
and threonine
Yoder and Goldsbrough
(1994)
SPT Escherichia coli Tn5 Streptomycin phosphotransferase Streptomycin Maliga et al. (1988)
TUAm Eleusine indica a-Tubulin Trifluralin Yemets et al. (2008)
hph, (aphIV) Escherichia coli Hygromycin phosphotransferase Hygromycin B Waldron et al. (1985)
gox Ochrobactrum anthropi Glyphosate oxidoreductase Glyphosate Barry et al. (1992)
Ble Escherichia coli Tn5 Bleomycin resistance Bleomycin Hille et al. (1986)
bnx Klebsiella pneumoniae
sub sp. Ozanaenae
Bromoxynil nitrilase Oxynils Freyssinet et al. (1996)
ilvA or
ilvA- 466
Escherichia coli Threonine deaminase L-O-Methylthreonine Ebmeier et al. (2004)
sulI Escherichia coli pR46 Dihydropteroate synthase Sulphonamides Guerineau et al. (1990)
DHFR Escherichia coli, mouse,
Candida albicans
Dihydrofolate reductase Methotrexate Herrera-Estrella et al.
(1983)
sat3 Streptomyces sp. Acetyl transferase Streptothricin Jelenska et al. (2000)
ASA2 Tobacco Anthranilate synthase 5-Methyltryptophan Cho et al. (2004)
EPSP synthase Petunia hybrida 5-Enolpyruvylshikimate-3-
phosphate synthase
Glyphosate Zhou et al. (1995)
DHPS Escherichia coli Dihydropicolinate synthase S-Aminoethyl Perl et al. (1993)
cat Escherichia coli Tn5,
Phagep1cm
Chloramphenicol acetyl
transferase
Chloramphenicol De Block et al.
(1984a, 1984b)
cah Myrothecium verrucaria Cyanamide hydratase Cyanamide Weeks et al. (2000)
OASA1D Rice Mutant anthranilate synthase 5-Methyltryptophan (5MT) Kobayashi et al. (2005)
pat, bar Streptomyces hygroscopicus Phosphinothricin acetyl
transferase
Phosphinothricin De Block et al. (1989)
csr1-1 Arabidopsis thaliana Acetolactate synthase Sulfonylueras Olszewski et al. (1988)
csr1-2 Arabidopsis thaliana Acetolactate synthase Imidazolinones Aragao et al. (2000)
BADH Spinacea oleracea Betaine aldehyde
dehydrogenase
Betaine aldehyde Hare and Chua (2002)
dhfr Plasmid R67 Dihydrofolate reductase Methotrexate Yoder and Goldsbrough
(1994)
DOG 1 Saccharomyces
cerevisiae
2-Deoxyglucose-6-
phosphate phosphatase
2-Deoxyglucose Kunze et al. (2001)
ocs Agrobacterium tumefaciens Octopine synthase L-Cysteine (AEC) Koziel et al. (1984)
hemL Synechococcus
PCC6301
Glutamate-1- semialdehyde
aminotransferase
Gabaculine Gough et al. (2001)
als Arabidopsis thaliana,
Nicotiana tabacum
Acetolactate synthase Sulfonyl ureas,
imidazolinones,
thiazolopyrimidines
Hare and Chua (2002)
sul Plasmid R46 Dihydropteroate synthase Sulfonamide Yoder and Goldsbrough
(1994)
TDC Catharanthus roseus Tryptophan decarboxylase 4-Methyltryptophan (4- mT) Goddijn et al. (1993)
TSB1 Arabidopsis thaliana Tryptophan synthase 5MT/Cadmium cholride Hsiao et al. (2007)
pds Hydrilla verticillata Phytoene desaturase Norflurazon and fluridone Arias et al. (2006)
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into plants (Francois et al. 2002). Re-transformation of the
same line is needed for multiple trait modifications and new
selectable markers are thus needed with each transformation
to pyramid the same crop variety with different desirable
traits (Hohn et al. 2001). The number of selectable marker
genes that are suitable for each crop species is usually very
limited, and this is true for transformation of recalcitrant
species. Marker excision can allow reuse of a marker after
each transformation step. Marker elimination will not only
appease some potential environmental and consumer con-
cerns, it will also remove technical barriers for plant genetic
transformation (Herrera-Estrella et al. 1983; Bevan et al.
1983). In the recent years, concerns have been raised that the
presence of such genes might be an unpredictable hazard to
the ecosystem as well as to human health. For example, some
of the genes like Bt genes and herbicide-resistant gene might
be transferred by out-crossing into weeds; and the presence of
resistance genes against antibiotic in food products might
theoretically lead to the spread of these resistances via gut
bacteria in humans (Dale et al. 2002). However, there is as
yet no scientific evidence to support these statements.
The successful use of antibiotics in medicine has now
become a problem. Many bacteria, including pathogens of
infectious diseases, are already resistant and can no longer
be controlled with the particular antibiotic (Goossens et al.
2005). These concerns have been taken seriously and
various governments have initiated studies in which such
scenarios are now under investigation. However, the most
elegant way to overcome all the concerns is to just remove
the cause of concern – the selectable marker gene itself.
The drawbacks of traditional markers are becoming
apparent even in practical research:
& Different marker gene systems are required for the
retransformation of plants that have already been
genetically modified. However, there are only a few
available for each crop species.
& If several marker genes left over from various develop-
mental phases accumulate in a plant, the stability of the
genetically engineered trait can be impaired.
& The probability of unforeseen effects (pleiotropic effect)
occurring in the plants increases with the number of
transferred genes and marker genes because the role of
one gene is affected by the other.
Therefore, there is a need for the development of techniques
for the efficient production of ‘clean’ marker-free transgenic
plants. Thus, the development of efficient techniques for the
removal of selection markers, as well as the directed
integration of transgenes at safe locations in the genome, is
of great interest to biotech companies. Furthermore, the
removal of selectable marker genes will also have a technical
advantage, since the number of available selectable marker
genes is limiting, and stacking of transgenes will become more
and more desirable in the near future. In the next generation of
transgenic plants, antibiotic-resistance markers will be the
exception rather than the rule. However, there is still a long
way to go before sufficient new procedures and strategies.
4. Methods to eliminate marker genes
from nuclear genome
Table 2 describes an up to date progress, in chronological
order from 1985 to 2011, of development of marker-free crops
of various kinds by using different methods and marker genes.
There are several strategies to exclude the selection gene for
marker-free plants in transgenic generations, such as co-
transformation (Depicker et al. 1985; McKnight et al. 1987;
De Block and Debrouwer 1991), site-specific recombination
(Dale and Ow 1991; Gleave et al. 1999), multi-
autotransformation vector (Ebinuma et al. 1997), transposition
system (Goldsbrough et al. 1993) and homologous recombi-
nation (Puchta 2000; Zubko et al. 2000), among which co-
transformation has been widely used. The first reported
example of selectable marker elimination in plants employed
the bacteriophage P1 Cre–lox system, comprising Cre-
catalysed recombination between Lox sites (Dale and Ow
1991). In this study, a lox-flanked hpt gene was removed from
transgenic plants upon re-transformation with a construct
expressing the Cre-recombinase gene. An important improve-
ment of this early technique was reported by Zuo et al. (2001),
who used a chemically inducible artificial transcription factor
for indirect transcriptional regulation of Cre-recombinase gene
expression. Thus, the recombinase gene and the lox recombi-
nation sites could coexist without leading to premature
recombination. Following the selection of transgenic tissue,
chemical induction of the recombinase gene produced the
desired excision events. A major drawback of this method was
the formation of genetic chimeras due to incomplete DNA
excision. A particle gun can deliver a mixture of DNA of two
plasmids carrying a target gene and a selection gene into plant
cells, but the efficiency of marker-free plants obtained was
very low in T1 or T2 progeny (Yohichi et al. 1998). Two
Agrobacterium strains implementing two binary vectors
(Depicker et al. 1985; McKnight et al. 1987; De Block and
Debrouwer 1991) and one Agrobacterium strain harbouring
two binary vectors (Daley et al. 1998) or one binary vector
with two T-DNAs containing target gene and selection gene
(Depicker et al. 1985; Komari et al. 1996; Xing et al. 2000;
Shirley et al. 2004) can also be used to get marker-free plants,
but in all these cases the efficiency of the marker-free plants
was also very low. Moreover, Rommens et al. (2004)
demonstrated that a plant-derived (P-) DNA fragment can be
used to replace the universally employed Agrobacterium
transfer (T-) DNA. Marker-free P-DNAs are transferred to
plant cell nuclei together with conventional T-DNAs carrying
a selectable marker gene.
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4.1 Co-transformation
The co-transformation method is a very simple method
to eliminate the marker gene from the nuclear genome.
Co-transformation involves transformation with two
plasmids that target insertion at two different plant
genome loci. One plasmid carries a selective marker
gene and the other carries the GOI (figure 1). The following
three methods are used in the co-transformation system: (i)
Two different vectors carried by different Agrobacterium
strains (McKnight et al. 1987; De Block and Debrouwer
1991; De Neve et al. 1997) and biolistic introduction of two
plasmids in the same tissue (Shiva Prakash et al. 2009;
Kumar et al. 2010); (ii) two different vectors in the same
Agrobacterium cell (De Framond et al. 1986; Daley et al.
1998; Sripriya et al. 2008); and (iii) two T-DNAs can be
borne by a single binary vector (2 T-DNA system) (Komari
et al. 1996; Xing et al. 2000; Matthews et al. 2001;
McCormac et al. 2001; Miller et al. 2002).
In these co-transformation systems, selectable marker
genes and target genes are not loaded between the same
pair of T-DNA borders. Instead, they are loaded into
separate T-DNAs, which are expected to segregate
independently in a Mendelian fashion (Framond et al.
1986; McKnight et al. 1987; Daley et al. 1998; Matthews
et al. 2001; Jacob & Veluthambi 2002; Vain et al. 2003;
Permingeat et al. 2003; Park et al. 2004; Parkhi et al.
2005; Higgins et al. 2006; Li et al. 2007a, b; Zhao et al.
2007; Sripriya et al. 2008; Qi et al. 2009; Yu et al. 2009;
Ramana Rao and Veluthambi 2010; Ramana Rao et al.
2011). The advantages of co-transformation methods
include the high adaptability of conventional, unmod-
ified Agrobacterium-mediated gene transfer methods
and easier handling of the binary vectors because the
two T-DNA are separated and, hence, target gene T-
DNA can be handled independently of selectable marker
gene T-DNA. This method depends on the co-transformation
efficiency and the independent integration of T-DNA
into the plant genome. Generally, the co-transformation
efficiency is in the range of 30–50%, which is
acceptable for practical applications (Depicker et al.
1985; McCormac et al. 2001; Komari et al. 1996).
In this method SMG can be eliminated from the
plant genome at the time of segregation and recombi-
nation that occurs during sexual reproduction by
selecting on the transgene of interest and not the
SMG in progeny. In spite of all these, there are several
inevitable limitations. The methods described above are
very time consuming and compatible only for fertile
plants. The tight linkage between co-integrated DNAs
limits the efficiency of co-transformation. Indeed,
integration of SMG and the transgene is at indiscrim-
inate event: both the SMG and transgene may integrateTa
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in the same loci and that is not feasible for co-
transformation. However, the overall advantages of these
methods remain unclear. Most of the research paper
documented the limitations of the co-transformation
methods that are limited and useful only for flowering
plants but de Vetten et al. (2003) developed a silencing
construct (pKGBA50mf-IR 1.1) and transformed in to
potato (karnico) via highly virulent LBA4404 or AGL
Agrobacterium-mediated transformation without the use of
selection marker gene. They have developed a PCR-
based detection method, and >2% of the recovered
shoots showed a complete gene silencing of the
granule-bound starch synthase 1 (GBSS1) gene resulting
in an amylase-free phenotype. They have successfully
developed a protocol that is useful for vegetative as
well as flowering plants. Recently, in rice, high
transformation frequency (86%) was achieved through genetic
separation in 4 out of 10 primary co-transformants that
were forwarded to the T1 generation (Sripriya et al.
2011). A majority of marker elimination strategies involve
elimination of marker genes and genes encoding recombi-
nases (or transposons) by segregation in the T1 generation
or T2 generation. This would not be feasible in vegeta-
tively propagated plants and in plants that take many years
to flower (e.g. rubber). Ramana Rao and Veluthambi
(2010) reported efficient strategies to employ marker
elimination and achieved marker-free transgenic tobacco
in the T0 generation itself.
4.2 Multi-autotransformation
The multi-autotransformation (MAT) vector system repre-
sents a highly sophisticated approach for the removal of
nuclear marker genes (Ebinuma et al. 1997). The MAT
vector system is a positive selection system that gives the
advantage of regeneration to the transgenic cells without
killing the non-transgenic cells. It is a unique transformation
system that uses morphological changes caused by onco-
gene [the isopentenyltransferase (ipt) gene] or rhizogene
(the rol gene) of A. tumefaciens which control the
endogenous levels of plant hormones and the cell responses
to plant growth regulators as the selection marker.
Expression of the ipt gene causes abnormal shoot morphol-
ogy called extreme shooty phenotype (ESP), which subse-
quently reverts into normal shoots with objective transgenes
due to the excision of ipt gene by the function of ‘hit-and-
run’ cassette system (Ebinuma and Komamine 2001).
In this MAT system, a chosen GOI is placed
adjacent to a multigenic element flanked by RS
recombination sites (figure 2). A copy of the selectable
ipt gene from A. tumefaciens is inserted between these
recombinase sites, together with the yeast R recombinase
gene and this entire assembly is situated within a T-DNA
element for the Agrobacterium-mediated transformation
of plant tissues. In this plant transformation system,
neither antibiotic- nor herbicide-resistance genes are
GOIP T RB Marker gene LB P T RB
Explants  having GOI and marker gene
T0 plant having GOI and marker gene
T1 plant having gene of interest (GOI)T1 plant having marker gene only
LB
Co-transformation
Law of segregation
(a)
(b)
(c)
(d)
Figure 1. Schematic diagram of Co-transformation method for making marker free transgenic plants. (a) Physical diagram of two
T-DNA region showing gene of interest (GOI) and marker gene. (b) Transformed calli having GOI and marker gene. (c) T0 plant having
GOI and marker gene. (d) Two T1 plants one with GOI and another with marker gene.
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necessary as a selection marker. In addition, this system
of transformation allows for repeated transformation of
genes of interest in a plant (Sugita et al. 2000).
In an earlier version of the MAT vector, R recombinase
activity was constitutively up-regulated by the action of the
CaMV 35S promoter. This system was found to incur a risk
of marker gene excision before the selection of transformed
plant tissues could take place. To circumvent this problem, a
more recent version of the MAT vector (Matsunaga et al.
2002) allows for a delay in the excision of the ipt and
R recombinase genes. This is made possible by the use of a
chemically inducible glutathione S-transferase promoter
from maize to drive R recombinase gene expression. Once
the positive selection of transformed plant tissues showing
an ‘extreme shooty phenotype’ has occurred, the excisive
recombination of RS sites, leading to a loss of the
recombinase and marker genes, is induced by treatment
with the herbicide. Kunkel et al. (1999) have shown that
with a dexamethasone-inducible promoter to control the
expression of the ipt gene, transgenic calli and shoots can
be produced in the presence of dexamethasone. Once the
inducer is removed, the transgenic shoots/plants will be
morphologically or developmentally normal. Angela et al.
(2003) have reported that the KN1 activity can be
controlled by a steroid induction system in Arabidopsis
thaliana. The steroid inducible kn1 fusion gene described
by Angela et al. (2003) may be a suitable system for
production of transgenic plants if the steroid induction
system is tightly regulated.
Recent reports on the Ipt-type MAT system have shown
that it is a better system to produce marker-free transgenics.
The Ipt-typeMAT vector system has been successfully used to
generate marker-free transgenic cassava plants (Saelim et al.
2009). This system utilizes the ipt gene as morphological
marker for visual selection of transgenic lines. The ESP of
transgenic lines is lost due to the removal of ipt gene
mediated by the yeast R/RS system. As a result, phenotyp-
ically normal shoots, considered marker-free transgenic
plants, could be obtained. This is the first demonstration of
the efficacy of Rint/RS system in promoting excision of ipt
marker gene in cassava species. Expression of the uidA
reporter gene was tested in transformation experiments of
barrel medic (Medicago truncatula Gaertn.) with the Ipt-type
control vectors pIPT5, pIPT10 and pIPT20 and distinct
in vitro culture conditions (Scaramelli et al. 2009). The same
strategy was used for producing marker-free transgenic
Kalanchoe blossfeldiana Poelln. In this study, we used
A. tumefaciens strain EHA105 harbouring an ipt-type MAT
vector, pMAT21, containing lacZ and gus genes and the
removable cassette in the T-DNA region, employing ipt gene
as the selectable marker gene (Thirukkumaran et al. 2009).
Rol-type MAT vector (pMAT101) containing lacZ gene as a
model gene and the removable cassette with gus gene in the
T-DNA region were used to produce morphologically normal
transgenic Kalanchoe blossfeldiana Poelln, employing rol
gene as the selectable marker gene and gus gene as a reporter
gene (Thirukkumarana et al. 2010). In an attempt to produce
transgenic marker-free Petunia hybrida plants resistant to
Botrytis cinerea (gray mold), ipt gene was used as a
selectable marker gene (Khan et al. 2010a). There is a report
of ipt gene being used as a selection marker gene to produce
marker-free disease-resistant potato (Khan et al. 2010b). A
IP
RS
LB RSGOI P ipt T IP R gene T RS RB
In
Multi-auto-transformation vector
LB RSGOI P ipt T R gene T RS RB
P ipt T IP R gene T RLB GOI RB
Figure 2. Principle of MAT (multi-autotransformation) uses oncogene (ipt) for selection of transgenic plants and a site-specific
recombination system (R/Rs). Recombinase (R) catalyses recombination between two directly oriented recognition sites (Rs) and removes
a ‘hit and run’ cassette from a plant genome. Recombinase (R) gene expression is under the chemically inducible promoter (IP) in order to
avoid early removal of ipt gene. P; promoter, T; terminator, GOI; gene of interest, LB; left border, RB; right border.
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chitinase gene, ChiC (isolated from Streptomyces griseus
strain HUT 6037) was used as a gene of interest.
The Rol-type MAT vector has been tried in Antirrhinum
majus (Cui et al. 2000, 2001), tobacco (Ebinuma and
Komamine 2001), white poplar (Zelasco et al. 2007),
Petunia hybrida (Khan et al. 2010c), etc. A total of 11
independent β-glucuronidase (GUS)-positive hairy roots were
induced following co-cultivation of leaf explants of
Antirrhinum majus L. with A. tumefaciens strain GV2260
containing Rol-type MAT vector pNPI702 (Cui et al. 2000,
2001). The chimeric ipt gene or the rol genes are combined
with the site-specific recombination R/RS system to remove
the oncogenes from the transgenic cells after transformation in
case of tobacco (Ebinuma and Komamine 2001). Genetic
transformation of an elite white poplar genotype (Populus
alba L., cv. ‘Villafranca’) was performed with MAT
vectors carrying the ipt and rol genes from A. tumefaciens
spp. as morphological markers. The occurrence of abnor-
mal ipt and rol phenotypes allowed the visual selection of
transformants (Zelasco et al. 2007). A. tumefaciens strain
EHA105 harbouring a Rol-type MAT vector, pMAT101,
was used to produce morphologically normal transgenic
Petunia hybrida ‘Dainty Lady’ employing rol gene as the
selection marker gene. The lacZ gene was used as a model
GOI (Khan et al. 2010c).
4.3 Site-specific recombination
Recombination is very clear phenomenon in biological
systems: it occurs between two homologous DNA molecules.
In bacteriophage, site-specific recombination takes place
between defined excision sites in the phage and in the bacterial
chromosome. In site-specific recombination, DNA strand
exchange takes place between segments possessing only a
limited degree of sequence homology (Kolb 2002; Coates et al.
2005). The site-specific recombination methods in plants have
been developed to delete selection markers to produce
marker-free transgenic plants or to integrate the transgene
into a predetermined genomic location to produce site-specific
transgenic plants (Nanto and Ebinuma 2008). Basically three
site-specific recombination systems are well known and are
described in the following sections for the elimination of
selection marker gene.
4.3.1 Cre/lox site-specific recombination system: The Cre/loxP
system consists of two components: (a) two loxP sites each
consisting of 34 bp inverted repeats cloned in direct orientation
flanking a DNA sequence and (b) the cre gene encoding a 38
kDa recombinase protein that specifically binds to the loxP
sites and excises the intervening sequence along with one of
the loxP sites (figure 3A). The Cre/loxP system has been
tested in several plants including Arabidopsis (Zuo et al.
2001), Nicotiana (Odell et al. 1990; Dale and Ow 1991;
Gleave et al. 1999), Zea mays (Zhang et al. 2003) and Oryza
sativa (Hoa et al. 2002; Sreekala et al. 2005).
One of the greatest advantages of the Cre/lox system is
the specificity of the enzyme for its 34 bp recognition
sequence. With a few exceptions, it is difficult to insert and
to excise genes with precision in the plant genome without a
site-specific recombination system. Marker gene removal
from transgenic plants using the Cre/lox recombination
system of bacteriophage P1 requires re-transformation and
out-crossing approaches that are laborious and time con-
suming (Dale and Ow 1991). In order to initiate the Cre/lox
recombination for removal of the marker gene, other novel
inducible site-specific recombination systems have been
used (figure 3B).
However, several approaches were developed to
overcome these shortcomings, including the use of some
chemical inducers (Schaart et al. 2004; Yuan et al. 2004;
Zhang et al. 2006) and heat shock (Wang et al. 2005;
Cuellar et al. 2006). Marker-free transgenic tomato plants
expressing cry1Ac were obtained by using a chemically
regulated Cre/lox-mediated site specific recombination
system (Zuo et al. 2001; Zhang et al. 2006). Lin et al.
(2008) reported a chemical induction method for creating
selectively terminable transgenic rice using benzothiadia-
zole (Bentazon), a herbicide used for weed control in
major crops like rice, maize, wheat, cotton and soybean.
Similarly, Ma et al. (2009) reported a marker-free
transgenic tomato using a salicyclic acid-inducible Cre–loxP
recombination system. Through this system they have devel-
oped 41% transgenic tomato that are marker free (nptII gene)
in the F1 generation.
A Cre/loxP recombination system was used for elimina-
tion of a caseinolytic protease P1 (clpP1) in tobacco
(Kuroda and Maliga 2003). Deb Roy et al. (2008) reported
a heat inducible Cre/loxP site-specific recombination system
to remove nptII gene from A. thaliana transgenic plants
transformed with glyI gene. The cre gene was driven by the
heat-inducible promoter (hsp), and the nptII gene is flanked
by lox sequences. These inducible site-specific recombina-
tion systems can also be applied in vegetatively propagated
crop plants for marker gene excision.
4.3.2 FLP/FRT recombination system: In the FLP/frt site-
specific system of the 2 μm plasmid of Saccharomyces
cerevisiae, the FLP enzyme efficiently catalyses recombi-
nation between two directly repeated FLP recombination
target (frt) sites, eliminating the sequence between them. By
controlled expression of the FLP recombinase and specific
allocation of the frt sites within transgenic constructs, the
system can be applied to eliminate the marker genes after
selection (Lyznik et al. 1996; Cho 2009).
Shan et al. (2006) used the heat-inducible system in a
FLP/frt site-specific recombinase system. Under this, the
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expression of FLP was tightly under the control of the heat
shock protein, hsp (figure 4). Two different constructs were
used, the frt-containing vector (pCAMBIA1300-betA-frt-
als-frt) and the FLP expression vector (pCAMBIA1300-
hsp-FLPhpt). Through the process of re-transformation, the
FLP recombinase gene was introduced into transgenic
(betAfrt-als-frt) tobacco. In the re-transgenic plants after
heat shock treatment, the marker gene als, flanked by
two frt sites, could be excised by the inducible expression
of FLP recombinase under the control of hsp promoter. A
heat-inducible strategy for the elimination of selection
marker genes was also reported in vegetatively propagated
plants like potato (Cuellar et al. 2006).
Recent report describes the generation of marker-free
transgenic maize plants constitutively expressing AtNHX1, a
Na(+)/H(+) antiporter gene from A. thaliana that conferred
salt tolerance on plants, using the FLP/frt site-specific
recombination system (Li et al. (2010)). Transgenic plant
expressing a modified FLP recombinase gene was crossed
with transgenic plant harbouring AtNHX1 and mutant als, a
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Figure 3. (A) Hypothetical diagram of Cre–lox approach used in developing marker free transgenic plants. (a) The T-DNA region
showing Cre gene followed by the transcribed mRNA and Cre protein expression. (b) T-DNA region showing GOI and marker gene
merged between loxP sites. (c) Resulting transgenic plants showing excision of marker gene. (B) Hypothetical diagram of chemically
inducible Cre/lox approach used in developing marker free transgenic plants. (a) The T-DNA region showing Cre gene controlled by an
inducible promoter followed by the transcribed mRNA and Cre protein expression. (b) T-DNA region showing GOI and marker gene
merged between loxP sites. (c) Resulting transgenic plants showing excision of marker gene when induced chemically.
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selectable marker gene flanked by two directed FRT sites.
The sexual crossing led to precise and complete excision of
the FRT-surrounding the als marker gene in the F1
progenies. Further, salt tolerance examinations indicated
that marker-free AtNHX1 transgenic plants accumulated
more Na(+) and K(+), and produced greater biomass and
yields than did the wild-type plants when grown in high-
saline fields. These results demonstrate the feasibility of
using this FLP/frt-based marker elimination system to
generate marker-free transgenic important cereal crops with
improved salt tolerance.
Woo et al. (2009) described the successful excision of
antibiotic-resistance genes from transgenic plants via the use
of an oxidative stress-inducible FLP gene. FLP encodes a
recombinase that can eliminate FLP and hpt selection genes
flanked by two FRT sites. During a transformation
procedure in tobacco, transformants were obtained by
selection on hygromycin media. Regenerants of the initial
transformants were screened for selective marker excision in
hydrogen-peroxide-supplemented media and both the FLP
and hpt genes were found to be eliminated.
Two site-specific recombination systems, Cre/lox and
FLP/frt, were tested for marker gene removal and targeted
gene transfer in a Populus (Fladung et al. 2010). A hybrid
aspen clone (Populus tremula x Populus tremuloides) was
co-transformed with plasmids containing either the FLP or
the Cre recombinase, both under control of a heat-inducible
promoter (HSP, Gmhsp17.5-E from soybean) flanked by the
two recognition sites (FRT or lox). Molecular investigations
of heat-shock-treated Cre or FLP transgenic lines indicate
excision of inserts between the two recognition sites.
Further, a site-specific recombination at the FRT sites
leading to targeted integration of a fragment could be
demonstrated for the FLP/frt system. Transgenic aspen
carrying two constructs (each with different genes between
the FRT sites) revealed the excision of both fragments
between the FRT sites as well as targeted integration of the
fragment from the second construct exactly at the former
position of the fragment in the first construct. Combining
both site-specific recombination systems, this strategy
suggested the targeted transgene transfer and removal of
antibiotic marker genes.
Nandy and Srivastava (2011) reported the use of FLP/frt
system for efficient targeting of foreign gene into the
engineered genomic site in rice. The transgene vector
containing a pair of directly oriented FRT sites was
introduced by particle bombardment into the cells containing
the target locus. FLP activity generated by the co-bombarded
FLP gene efficiently separated the transgene construct from
the vector-backbone and integrated the backbone-free con-
struct into the target site. Strong FLP activity, derived from the
enhanced FLP protein, FLPe, was important for the successful
site-specific integration (SSI). The majority of the transgenic
events contained a precise integration and expressed the
transgene. Progeny of the precise transgenic lines inherited
the stable SSI locus and expressed the transgene.
4.3.3 R/RS recombination system: The MAT vectors consist
of yeast site-specific recombination R/RS system to excise
the DNA fragment and the ipt gene positioned between two
directly oriented recombination sites (Araki et al. 1987).
The ipt gene encodes isopentenyltransferase, which cataly-
ses the formation of isopentenyl AMP, a precursor of
several cytokinins. Following gene transfer, overexpression
of the ipt gene leads to an increase in endogenous
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Figure 4. FLB/frt site-specific recombination system. (a) The T-DNA region showing FLP gene controlled by heat inducible promoter
(hsp70) followed by the transcribed mRNA and FLP protein expression. (b) T-DNA region showing GOI and marker gene merged
between frt sites followed by resulting transgenic plants showing excision of marker gene.
Marker-free transgenics 181
J. Biosci. 37(1), March 2012
cytokinins and, subsequently, the production of ESP (named
as ipt shoots). Ipt shoots are characterized by reduced apical
dominance, abnormal morphological changes, short interno-
des and lack of rooting ability (Smigocki and Hammerschlag
1991; Hewelt et al. 1994). Therefore, the Ipt shoots are
visually selected and subcultured to develop normal looking
shoots. Site-specific recombination mediated by recombinase
of the R/RS system during subculturing produces morpho-
logically normal marker-free transgenic plants. However, one
of the major limitations of using this system is the low
frequency of marker-free transgenic plants, as most of the
modified transposable elements (containing ipt gene) reinsert
elsewhere in the genome shortly after their excision, and thus
only cells with transposition errors would generate pheno-
typically normal plants.
A new MAT vector has been created in which the maize
transposable element Ac for removing the ipt gene is
exchanged with a site-specific recombination system R/rs
isolated from Zygosaccharomyces rouxii (Sugita et al. 1999)
The R/rs system comprises a R recombinase gene and two rs
recombination site sequences. The ipt combined with the
(R) gene was placed within two directly-oriented recogni-
tion sites to remove it from transgenic cells after transfor-
mation. The improved MAT vector is used to generate
marker-free transgenic plants efficiently. Such a system can
be applied to woody plants or vegetatively propagated
species to produce marker-free transgenic plants as well as
providing the basis for the development of an inducible
plant transformation system. Expression of ipt gene under
dexamethasone-inducible promoter led to the recovery of
lettuce and tobacco transformants under inducing conditions
(Kunkel et al. 1999).
The recombination sites are typically between 30 and 200
nucleotide in length and consist of two motifs with a partial
inverted repeat symmetry, to which the recombinase binds
and which flank a central crossover sequence at which the
recombination take place (figure 2). The unique ability of
Cre to catalyse a crossover between directly repeated lox
sites flanking any fragment of DNA has been exploited to
remove selectable marker genes from transgenic plants. The
pairs of sites between which the recombination occurs are
usually identical, but there are exceptions (e.g. attP and attB
of λ integrase (Landy 1989)). The simplest approach is to
generate plants that express the cre gene and to cross them
with plants in which the selectable marker gene is flanked
by lox sites. The marker gene is excised in the F1 generation
and the cre gene is segregated away in the subsequent
generation. The selection marker gene can be eliminated
either by re-transformation (Odell et al. 1990; Dale and Ow
1991; Russell et al. 1992) or by crossing over (Bayley et al.
1992; Russell et al. 1992; Chakraborti et al. 2008). The
re-transformation and crossingover strategy was very labour
intensive and time consuming, and in both the approaches
the selection marker gene is eliminated at F1 generation. The
answer to the above problem was an autoexcision system
controlled by inducible promoter, and with this system the
F1 progengy is free of the selection marker gene. This is
very well studied in most of the agronomical important
crops, and marker-free transgenic plants were success-
fully generated in Arabiodopsis, maize, tobacco and rice
(Hoff et al. 2001; Zuo et al. 2001; Zhang et al. 2003; Yuan
et al. 2004; Sreekala et al. 2005). In a recent report for the
development of disease-resistant marker-free tomato, ipt
gene was used as a selection marker and wasabi defensin
(WD) gene, isolated from Wasabia japonica, as a target
gene. WD was cloned from the binary vector, pEKH-WD
to an Ipt-type MAT vector, pMAT21, by gateway cloning
and transferred to Agrobacterium tumefaciens strain
EHA105 (Khan et al. 2011).
4.4 Transposon-based marker methods
Transposon-mediated repositioning of a transgene of interest
has been proposed as an alternative for generating a wide range
of expression levels in selectable marker-gene-free transgenic
plants (Yoder and Goldsbrough 1994). The functionality of
the Maize Activator/Dissociation (Ac/Ds) elements system as
a gene tagging tool has been being successfully demonstrated
since the early 1990s (Izawa et al. 1991, 1997; Chin et al.
1999; Enoki et al. 1999). In general, all Ac elements are
identical, 4563 bp in length. Ds elements are Ac elements
that have undergone deletions. Transposase are the proteins
that stimulates the movement of Ac. Deletions of Ac
elements created Ds elements in which all or part of this
transposase was eliminated (figure 5). This lack of trans-
posase activity accounts for the inability of Ds elements to
move in the absence of Ac. The transposase that is encoded
by Ac elements can move throughout the cell and excise any
Ds or Ac element. Because of this ability, the Ac/Ds
transposase is said to be transacting (Kunze and Starlinger
1989). Two transposon-mediated strategies have been devel-
oped to generate marker -free transgenic plants. The first
strategy involves Agrobacterium-mediated transformation
followed by intragenomic relocation of transgene of interest,
and its subsequent segregation form the selectable marker in
the progeny (Goldsbrough et al. 1993). The second involves
excision of the marker gene from the genome (Ebinuma
et al. 1997). Both strategies were developed using the
maize Ac/Ds transposable element but can be adapted to
use similar autonomous transposable element.
Ebinuma et al. (1997) proved the feasibility of this
strategy by eliminating the ipt marker gene from transgenic
tobacco plants. Transgenic plants constitutively expressing
the ipt gene have elevated cytokinin-to-auxin ratios, result-
ing in loss of apical dominace, suppression of root
formation and what is referred to as shooty phenotype. In
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transformed tobacco leaf disc with a T-DNA containing
nptII and gus genes and a chimeric Ac element with a 35S-
ipt gene, two-thirds of this differentiated adventitious shoots
showed extremely shooty phenotype. Upon subculturing
these phenotypic distinct shoots, normal shoots were
developed, which indicated the removal of ipt gene
expression. The basic advantage of this strategy is that
marker-free transgenic plants can easily be screened at the
T0 generation, avoiding the need for sexual cross plants and
thereby making the strategy applicable to the vegetatively
propogated crops like banana, potato, grapes and so on. In
spite of all the advantages, the main limitation for this
strategy is that the generation of marker-free transgenic
plants is very low. The transgenic plants are genomically
instable due to the continuous presence of heterlogous
transposons (Scutt et al. 2002). Besides marker elimination,
Cotsaftis et al. (2002) also developed an approach to
generate ‘new events’ by relocating the ‘gene of interest’
by transposing to new locations on the genome.
4.5 Chemical-inducible system
For the past several years, this recombination system was
very often used in plant transformation to eliminate
selection marker gene. Cre/lox recombination system of
Bacteiophage P1 is one of the systems developed in the
context of marker removal in transgenic plants (Dale and
Ow 1991). In order to remove the cre gene from the
transgenic plants, re-transformation and out-crossing
approaches have been used, which enables the loss of cre
gene in subsequent generations, but this process is very
laborious and time consuming (Dale and Ow 1991). In order
to initiate the Cre/lox recombination for removal of the
marker gene, other novel inducible site-specific recombina-
tion systems have been developed (figure 3B). Now several
approaches are used to overcome these shortcomings by using
some chemical inducers (Yuan et al. 2004; Zhang et al. 2006)
or by heat shock (Wang et al. 2005; Cuellar et al. 2006). The
chemical-inducible Cre/loxP (CLX) vector system benefits
also from a particularly regulated system of chemical
induction (Sreekala et al. 2005). The procedure could be
used for vegetatively propagated species and may be
particularly well adapted to crop species requiring transfor-
mation by the regeneration of embryo cultures.
Marker-free transgenic tomato expressing cry1AC were
obtained by using chemically regulated Cre/lox-mediated
site-specific recombination system. The marker gene nptII
was eliminated by two directly oriented and loxP sites were
located between the CaMV35S promoter and a promoterless
cry1AC. Upon induction by 2μM β-estradiol, sequence
encoded the selectable marker and two loxP sites were
excised from the tomato gemone (Zhang et al. 2006). Using
the Cre/loxP recomnbination system the expression of Cre
recombinase was under the control of estrogen receptor-based
transactivator XVE. Upon induction by β-estradiaol, the
selection marker gene fused with Cre recombinase, flanked
by two lox sites, was autoexcised from the Arbidopsis
genome, and thus the chemical-inducible system is reliable
method for generating marker-free transgenic plants (Zuo
et al. 2001). Recently Lin et al. (2008) have reported a
chemical-induced method for creating selectively terminable
transgenic rice. They have used benzothiadiazole herbicide
(Bentazon), which has been used for weed control of several
major crops, such as rice, corn wheat, cotton and soyabean.
These crops express cytochrome P450 for detoxifying the
herbicide benzaton. They generate benzaton-sensitive rice
plants, by suppressing the expression of this detoxification
gene through antisense RNA, or benzaton-sensitive transgenic
rice with high glyphosphate tolerance.
4.6 Heat-inducible system
This site-specific recombination system is used widely in the
applied biotechnology for generating marker-free transgenic
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Figure 5. Schematic diagram of minimal terminal inverted repeats of the Ac-Ds transposon system. (a) T-DNA region showing GOI
merged between Ac sites and marker gene, reporter gene and AcTpase region is outside the Ac sites. (b) Diagram showing the T-DNA
region having GOI merged in Ac region excised out from marker and reporter gene.
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plants. Cre/loxP and FLP/frt recombination systems and the
knowledge of promoters give researchers an upper hand for
generating marker-free transgenics. Shan et al. (2006) have
developed the transgenic tobacco using FLP/frt recombinase
system in which the expression of FLP was tightly under the
control of hsp (heat shock protein) (figure 4). Two different
constructs were used in this approach (frt-containing vector
pCAMBIA1300-betA-frt-als-frt and the FLP expression
vector pCAMBIA1300-hsp-FLP-hpt), and through the pro-
cess of re-transformation, the FLP recombinase gene was
introduced into transgenic (betA-frt-als-frt) tobacco. In re-
transgenic plants, after heat-shock treatment, the marker gene
als flanked by two identical orientation frt sites could be
excised by the inducible expression of FLP recombinase
under the control of hsp promoter. Excision of all the genes
was found in 41% re-transgenic tobacco plants. Heat-
inducible strategy for the elimination of selection marker
gene was also used in vegetatively propogated plants like
potato (Cuellar et al. 2006) and seed-producing plants like
tobacco (Wang et al. 2005). In this strategy HSP70 was used
as heat-inducible promoter in Cre/lox recombination system.
A new binary expression vector based on the ‘genetically
modified-gene-deletor’ system was constructed. In this
vector, the gene coding for FLP site-specific recombinase
under the control of a heat shock-inducible promoter
HSP18.2 from A. thaliana and ipt gene as a selectable
marker gene under the control of the cauliflower mosaic virus
35S (CaMV 35S) promoter was flanked by two loxP/FRT
fusion sequences as recombination sites in direct orientation.
Further characterization of the transgenic tobacco plants
confirmed the elimination of the ipt gene along with gusA
in the primary stage. Heat-inducible approach provides a
reliable strategy for autoexcising a selectable marker gene
from calli, shoots or other tissues of transgenic plants after
transformation and producing marker-free transgenic plants.
The disadvantage of this method is not negotiable. When
autoexcision constructs are used, the recombinase can be
activated by a chemical compound or by a heat shock in the
shoots and seeds or during a subculture step and an extra
regeneration step. The latter possibility lengthens the time to
obtain marker-free transgenic plants and can introduce
(additional) somaclonal variation.
4.7 Positive selection system
Some marker genes for positive selection (table 3) enable
the identification and selection of genetically modified
cells without injury or death of the non-transformed cell
population (negative selection). In this case, the selection
marker genes should give the transformed cell the
capacity to metabolize some compounds that are not
usually metabolized. This fact will give the transformed
cells an advantage over the non-transformed ones. The
addition of this new compound in the culture medium, as
nutrient source during the regeneration process, allows
normal growth and differentiation of transformed cells,
while non-transformed cells will not be able to grow and
regenerate de novo plants.
4.7.1 The gus gene: The gus gene codes for the
β-glucuronidase enzyme (GUS; EC 3.2.1.31) and was
isolated from Escherichia coli. This gene is widely used as
a reporter gene in transgenic plants. In this system, the
selective agent is a glucuronide derivative of benzylade-
nine (benzyladenine N-3-glucuronide), an inactive form of
the plant hormone cytokinin. This glucuronide present in
the selection medium can be hydrolysed by the GUS
enzyme produced in the transformed cells, releasing active
cytokinin (benzyladenine) in the medium. This cytokinin
will be a stimulator for transformed cell regeneration while
the non-transformed cell development is arrested. The
selective agent (benzyladenine N-3-glucuronide) does not
have any effect on the non-transformed cells because the
cytokinin is in its inactive form. There are only few reports
concerning the successful use of this system in the
effective recovery of transgenic plants (Joersbo and
Okkels 1996; Okkels et al. 1997).
4.7.2 The manA gene: The man gene codes for the
phosphomannose isomerase enzyme (PMI; EC 5.3.1.8) isolat-
ed from Escherichia coli. In the presence of mannose, the PMI
converts mannose-6-phosphate into fructose-6-phosphate in
transformed cells that can be immediately incorporated in the
plant metabolic pathway. Thus, mannose can be used as the
sole carbohydrate source for the transformed cells. This
selection system is immediate and extremely efficient
(Joersbo et al. 1998).
Mannose cannot be usually metabolized by non-
transformed cells and is converted into mannose-6-phosphate
by endogenous hexokinase. Therefore, when mannose is
added to the culture medium, plant growth may be
minimized due to mannose-6-phosphate accumulation. The
mannose-6-phosphate toxicity in plant cells was shown to
be responsible for apoptosis, or programmed cell death,
through induction of an endonuclease, responsible for DNA
laddering (Stein and Hansen 1999). Mannose-6-phosphate
accumulation also causes phosphate and ATP starvation that
deplete cells of energy for critical functions such as cell
division and elongation, giving rise to growth inhibition.
Therefore, mannose is a hexose that fills the desirable
requirements for a good selection agent: it is (a) soluble in
plant culture media, (b) absorbed by plant cells, (c)
inexpensive, (d) easily available and (e) safe.
Althoughmost plant species are sensitive to mannose, some
species, especially dicotyledonous, have shown a considerable
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insensitivity to this sugar, including carrot, tobacco, sweet
potato and legumes. Other species are extremely sensitive and
have been successfully transformed by the use of mannose as
selective agent, such as sugar beet, maize, wheat, oat, barley,
tomato, potato, sunflower, oilseed rape and pea (Joersbo et al.
1998; 2000; Negrotto et al. 2000; Wang et al. 2000). Some
plant transformation protocols that use the positive selection
system with PMI were at least 10 times more efficient than
the traditional protocols based on the use of kanamycin as
selection agent (Wright et al. 2001).
4.7.3 The xylA and DOGR1 genes: A similar positive
selection system has been developed using the xylose isomerase
gene (xylA) isolated from Thermoanaerobacterium thermo-
sulfurogenes or from Streptomyces rubiginosus, as selection
marker gene (Haldrup et al. 1998a, b). Transgenic plants of
potato, tobacco and tomato were successfully selected in
xylose-containing media. Recently, the DOGR1 gene encoding
2-deoxyglucose-6-phosphate phosphatase (2-DOG-6-P) was
used to develop a positive selection system for tobacco and
potato plants (Kunze et al. 2001). DOGR1 gene, which has
been isolated from yeast, gives resistance to 2-deoxyglucose
(2-DOG) when overexpressed in transgenic plants.
4.8 Negative selection system
An alternate and potentially more efficient strategy is based
on the incorporation of a negative selection step. Negative
selectable markers are of two types: (a) conditional negative
selectable marker (e.g. codA) and (b) non-conditional
negative selectable marker (e.g. Diphtheria toxin).
Recently, Ramana Rao and K Veluthambi (2010) reported
that MYMV TrAP is a good non-conditional negative
selectable marker for developing marker-free transgenic
plants. Finally, the combination of using a mixture of
mechanisms, transient selection, sequential transformation,
negative marker genes, P-DNA and a mutated virD2 gene
together should be capable of producing high-frequency
marker-free transgenic plants by co-transformation methods.
Recently, a novel marker gene dao1, encoding D-amino acid
oxidase, has been characterized. It can be used as positive or
negative marker, depending on the substrate (Erikson et al.
2004). Therefore, it is possible to apply the negative
selection after a positive selection using one marker gene,
dao1, via changing D-alanine or D-serine to D-isoleucine or
D-valine for the substrates. Conversion of an externally
provided specific substrate into its phytotoxic derivative by
the marker gene encoded enzyme enables this counter
selection. The tms2 gene was the first conditional selective
marker gene to be used in tobacco (Depicker et al. 1988)
and in Arabidopsis (Karlin-Neumann et al. 1991). Indole
acetic acid hydrolase (IAAH) encoded by the tms2 gene
confers sensitivity of plants to naphthalene acetamide
(NAM) because IAAH converts NAM to the potent auxin
naphthalene acetic acid (NAA), which inhibits seedling
growth. Other conditional markers proven to be effective in
dicots are aux2 in cabbage (Beclin et al. 1993), the HSV-tk
gene in tobacco (Czako and Marton 1994), a bacterial
cytochrome P450 mono-oxygenase gene in tobacco
(O’Keefe et al. 1994) and Arabidopsis (Tissier et al. 1999)
and codA in Arabidopsis (Kobayashi et al. 1995) and
tobacco (Schlaman and Hooykaas 1997). So far, the
cytochrome P450 (the product of which catalyses the
dealkylation of a sulfonylurea compound, R7402, into its
Table 3. Positive selection used in plant transformation
Gene Sources Gene product Selective agent References
ipt Agrobacterium tumefaciens Isopentyl transferase None Endo et al. (2001)
rolC Agrobacterium rhizogenes ‘Hairy root’ phenotype None Ebinuma and Komamine
(2001)
iaaM, iaaH Agrobacterium tumefaciens Indole acetic acid None Tuominen et al. (1995)
dsdA Escherichia coli D-Serine ammonialyase None Erikson et al. (2005)
manA (pmi) Escherichia coli Phosphomannose isomerase D-Mannose Joersbo et al. (1998)
uidA (gusA) Escherichia coli b-Glucuronidase Benzyladenine-N-3-
glucuronide
Joersbo and Okkels
(1996)
codA Escherichia coli Cytosine deaminase 5-Flurocytosine (5-FC) Kobayashi et al. (1995)
atlD Escherichia coli strain C Arabitol dehydrogenase Arabitol LaFayette et al. (2005)
xylA Thermoanaerobacterium
sulfurogenes
Xylose isomerase D-Xylose Haldrup et al. (1998a, b)
AtTPS1 Arabidopsis thaliana Trehalose-6-phosphate synthase Glucose Leyman et al. (2006)
dao1 Rhodotorula gracilis D-Amino acidoxidase D-Amino acids(D-alanine
and D-serine)
Erikson et al. (2004)
OsDREB2A
and AtSOS1
Rice and Arabidopsis thaliana Salt resistant phenotype High concentration of Nacl Zhu and Wu (2008)
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cytotoxic metabolite) and codA (whose product cytosine
deaminase converts the non-toxic 5-fluorocytosine into
phytotoxic 5-fluorouracil) are the only genes to have been
used as conditional negative selectors in monocots. Both
have been proven to be effective in barley (Koprek et al.
1999). The only gene used in rice so far is the cytochrome
P450 (Chin et al. 1999). Moreover a selection system based
on a mutant rice gene for a feedback-insensitive α- subunit of
anthranilate synthase (OASA1D) was developed for the
transformation of rice and potato (Yamada et al. 2004).
Expression of OASA1D conferred resistance to the tryptophan
analog 5-methyltryptophan (5MT). The selection system
based on OASA1D and 5MT was as effective as hygromycin
B selection in rice (monocotyledon) and kanamycin selection
in potato (dicotyledon) (Yamada et al. 2004).
Osakabe et al. (2005) reported the coding sequences of
acetolactate synthase (ALS) gene from rice, and mutagen-
ized the ALS gene into a herbicide-resistant form. After
transfer of this construct to the rice genome, transgenic
plants were efficiently selected with a herbicide, bispyribac-
sodium salt, which inhibits the activity of wild-type ALS.
The marker system consisted exclusively of host plant DNA
and enabled efficient selection in a monocot crop plant, rice.
The selection system can potentially be applied to generate
transgenic plants of other crop species and can be expected
to be publicly acceptable.
4.9 Autoexcision strategy
A number of methods to eliminate the selection marker
gene form the plant genome are now known. The
earlier methods of autoexcision such as the heat-
inducible system and chemical-inducible system are
time consuming and the marker gene is eliminated in
the next generation after segregation. For the develop-
ment of marker-free transgenic plants, scientists have
developed a novel and ideal method, which eliminates
the selection marker gene in a single generation. This
method is known as ‘autoexcision strategy’, in which the
marker is easily eliminated in the T1 seeds of the transgenic
plants (the seeds which is collected from the T0 plants)
(Mlynarova et al. 2006). The next generation of the
transgenic plants will be marker free.
Autoexcision strategy is very recently introduced and
used in the plant biological system to eliminate selection
marker gene from the plant genome. Autoexcision system is
controlled by pollen- and /or seed-specific promoters and it
was reported that the highly-efficient autoexcision of
selective markers is successfully achieved in tobacco
(Mlynarova et al. 2006; Luo et al. 2007). Autoexcision
strategy relies on floral-specific promoters to regulate the
expression of cre recombinase to generate marker-free
transgenic plants. The functionally characterized promoters
were used in the strategy and the system is successfully
demonstrated in rice (Bai et al. 2008). The novel marker-
free approach mediated by the Cre–loxp recombination
system and the Cre gene was under the control of floral-
specific promoter OsMADS45. The marker gene nptII was
completely removed from the T1 progenny of the rice with
37.5% efficiency.
Verweire et al. (2007) have developed marker-free
transgenic plants of A. thaliana introducing a germline-
specific autoexcision vector containing a cre recombinase
gene under the control of a germline-specific promoter
(APETALA1 and SOLO DANCERS genes from Arabidopsis
(A.thaliana) Columbia-0). Transgenic plants become genet-
ically programmed to lose the marker when its presence is
no longer required. Using this method the frequency of
regenerating marker-free transgenic lines in Arabidopsis is
83–100%. In spite of all the above, autoexcision strategy
has its limitations: it is successful only in flowering plants.
It will not be useful for the vegetatively propogated plants
like grapes, potato and banana.
4.10 Abiotic stress-related gene as selection marker
In all these methods such as co-transformation, site-
specific integration, chemical induced and heat-induced
marker gene elimination, the marker gene is eliminated in
the second generation, but in only the autoexcision
strategy method the marker gene is eliminated in the F1
generation. Here we discuss the novel approaches for the
development of marker-free transgenic. It is a well-known
fact that various genes encode proteins that protect the
plants at the time of several environmental stresses like
drought stress, salt stress and oxidative stress. Till date so
many genes that are well characterized in A. thaliana or in
several agronomically important crops can be used for the
development of marker-free transgenic plants. Incorporation
of such well-characterized genes in to those plants that are
salt sensitive, including rice (Oryza sativa), maize (Zea
mays), soybean (Glycine max), beans (Phaseolus vulgaris)
and tomato (Lycopersicum esculantum), is a contribution to
the agriculture sector for developing transgenic plants
(Munns 2005).
The basic ideas behind this strategy is that plant tissue or the
plant senses high Na+ concentration in the soil/media and
initiates signal transduction to activate a set of stress-
responsive genes for salt tolerance. The gene is incorporated
into the plant tissue or explants without the selection marker
gene. After transformation the tissue will grow under the
pressure of salt stress, and explants that grow well without any
deformities are selected and grown further in the salt stress
medium until the vegetative proliferation of the explants. In
the whole experiment there is no need to use the selection
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marker. The gene itself can be used as selection marker to
select the transformed tissue (Zhang et al. 2009a, b).
ESKIMO1 gene is reported to be involved in plant water
economy as well as cold and salt tolerance (Bouchabke-
Coussa et al. 2008). Yoshida and Shinmyo (2000) attempted
to make the yeast Na+-ATPase function in plant cells. The
ENAl (i.e. exitus natru, for the latin words meaning ‘exit
sodium’) gene that encodes the Saccharomyces cerevisiae
Na+-ATPase was placed under the control of the CaMV35S
promoter and introduced into BY2 cells. Transgenie BY2
cells that produced Enal protein were able to grow in
modified LS medium containing 120 mM of LiCl, conditions
which markedly inhibited the growth of untransformed cells.
Sanan-Mishra et al. (2005) explored the potential role of
PDH45 (pea DNA helicase 45) in overcoming salinity stress.
PDH45 mRNA is induced in pea seedlings in response to high
salt, and its overexpression driven by a constitutive cauliflower
mosaic virus-35S promoter in tobacco plants confers salinity
tolerance. The overexpression of barley group 3 LEA gene
HVA1 in leaves and roots of rice and wheat lead to improved
tolerance against osmotic stress as well as improved recovery
after drought and salinity stress (Sivamani et al. 2000; Rohila
et al. 2002). There are following limitations:
i. In case of an unknown gene it will be difficult to use
the system.
ii. Screening will be tedious because there will be chances
of escape of untransformed calli.
5. Regulation and biosafety concern of GM crops
The great success of GM crops has had an enormous impact
on world crop production and cultivation pattern of
agricultural species (James 2006). The extensive environ-
mental release and cultivation of GM crop varieties have
aroused tremendous biosafety concerns and debates world-
wide (Stewart et al. 2000). Biosafety issue has already
become a crucial factor in constraining the further develop-
ment of transgenic biotechnology and wider application of
GM products in agriculture. There are quite number of
biosafety related concerns in general, but the most important
ones can be summarized as follows. (1) direct and indirect
effects of toxic transgenes (e.g. the Bt insect-resistance
gene) to non-target organisms (O'Callaghan et al. 2005;
Oliveira et al. 2007); (2) influences of transgenes and GM
plants on biodiversity, ecosystem functions and soil
microbes (Giovannetti et al. 2005; Oliveira et al. 2007);
(3) transgene escape to crop landraces and wild relatives
through gene flow and its potential ecological consequences
(Wilkinson et al. 2000; Snow et al. 2003; Lu and Snow
2005; Mercer et al. 2007); and (4) potential risks associated
with the development of resistance to biotic-resistance
transgenes in the target organisms (Dalecky et al. 2007;
Li et al. 2007a, b; Wu 2007). In addition, there are still
some unknown involvements in potentially significant
interactions between transgenic traits and the environments.
Among the above environmental biosafety issues, transgene
escape from a GM crop variety to its non-GM crop
counterparts or wild relatives has aroused tremendous
debates worldwide (Ellstrand et al. 1999; Ellstrand 2001,
2003; Lu and Snow 2005). This is because transgene
escape can easily occur via gene flow that may result in
potential ecological consequences if significant amounts of
transgenes constantly move to non-GM crops and wild
relative species. This is particularly true when these
transgenes can bring evolutionary selective advantages or
disadvantages to crop varieties or wild populations. It is
therefore essential to properly address the most relevant
questions relating to the transgene outflow and its potential
environmental consequences on a science-based altitude.
6. Conclusion and future prospects
The improvement of agricultural production and productiv-
ity as well as the future versatility of agricultural production
are dependent on the rational utilization of technologies. We
stand at the convergence of an incredible array of new
technologies, such as recombinant DNA technology, infor-
mation technology and high-throughput genomics, to
enhance our understanding of the structure and function of
the genomes and to apply this information for plant and
animal improvement. Products arising from modern bio-
technology such as GM or transgenic crops are providing
new opportunities to achieve sustainable productivity gains
in agriculture.
The presence of selectable marker genes, especially those
which include genes coding for antibiotic resistance and
which are essential for the initial selection of transgenic
plants, is seen by European regulatory agencies as undesir-
able. An issue of concern relates to the fact that transgenes
integrate at random positions in the genome leading to
possible unwanted side effects (mutation) and unpredictable
expression patterns. In addition to the risk of HGT, there is
also a ‘vertical cross-species’ transfer risk that could
potentially create enhanced weediness problems (Dale
et al. 2002). The production of marker-free transgenic crops
eliminates the risk of HGT and could mitigate vertical gene
transfer. Transfer of plant DNA into microbial or mamma-
lian cells under normal conditions of dietary exposure
would require all of the following events to occur: (i)
removal of the relevant gene(s) from the plant genome,
probably as linear fragments; (ii) protection of the gene(s)
from nuclease degradation in the plant as well as animal
gastrointestinal tract; (iii) uptake of the gene(s) with dietary
DNA; (iv) transformation of bacteria or competent mam-
malian cells; (v) insertion of the gene(s) into the host DNA
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by rare repair or recombination events into a transcribable
unit; and finally (vi) continuous stabilization of the inserted
gene (FAO/WHO 2000). Thus, the development of efficient
techniques for the removal of selection markers, as well as
the directed integration of transgenes at safe locations in
the genome, is of great interest to biotech companies.
Furthermore, removal of selectable marker genes will
also have a technical advantage, since the number of
available selectable marker genes is limited, and stacking
of transgenes will become more and more desirable in
the near future.
Generally, selectable marker genes are not required once
the transgenic plants are regenerated and the genetic
analyses completed. The presence of a particular marker
gene in a transgenic plant necessarily precludes the use of
the same marker in subsequent transformation and the use of
a different marker system is required for each transforma-
tion round or event. Thus, any technique that can remove or
eliminate a selection marker gene in transgenic crops is
highly desirable if for no other reason than that the same
procedure can be used in subsequent transformations. For
transgene technology to be commercially successful, multi-
ple independent transgenes available need to be added in
existing sequence.
Therefore, there is need for the development of
techniques for the efficient production of ‘clean’
marker-free transgenic plants. Among the several tech-
nologies described, two have emerged with significant
potential. The simplest is the co-transformation of genes
of interest with selectable marker genes followed by the
segregation of the separate genes through conventional
genetics. The more complicated strategy is the use of
site-specific recombinases, under the control of inducible
promoters, to excise the marker genes and excision
machinery from the transgenic plant after selection has
been achieved. The field of marker gene removal
continues to produce new innovations. For example,
the possibilities of increasing the number of different
heterologous recombinase systems available by molecu-
lar evolution approaches have been discussed, and new
marker gene and marker-free strategies are under
development (Schubbert et al. 1998). The removal of
marker gene and backbone from the transgenic plants
supports multiple transformation cycles for transgene
pyramiding. Although research continues, it is clear that
several viable methods for the removal of unwanted
marker genes already exist. It seems highly likely that
continued work in this area will soon remove the question
of unwanted marker genes from the debate concerning the
public acceptability of transgenic crop plants. At present
there is no commercialization of marker-free transgenic crop as
it is still in the stage of proof-of-concept (Manimaran
et al. 2011). Development for production of marker-free
transgenics would further strengthen the crop improvement
programme with widespread applications in both funda-
mental research and biotechnology. Overall, the GM crops
are expected to contribute globally to the food security.
Acknowledgements
Work on plant stress signaling and on GM plants in NT’s
laboratory is partially supported by Department of Biotech-
nology (DBT), India, and Department of Science and
Technology (DST), India. The authors thank to Dr K
Veluthambi (School of Biotechnology, Madurai Kamaraj
University, India) and Dr Renu Tuteja (International Centre
for Genetic Engineering and Biotechnology, New Delhi,
India) for their critical reading and corrections to the article.
References
Ahmad R, Kim YH, Kim MD, Phung MN, Chung WI, Lee HS,
Kwak SS and Kwon SY 2008 Development of selection
marker-free transgenic potato plants with enhanced tolerance
to oxidative stress. J. Plant. Biol. 51 401–407
Akbudak MA and Srivastava V 2011 Improved FLPRecombinase
FLPe efficiently removes marker gene from transgene locus
developed by Cre-lox mediated site-specific gene integration in
rice. Mol. Biotechnol. DOI 101007/s12033-011-9381-y
Angela H, David J, Naomi O and Sarah H 2003 Analysis of the
competence to respond to KNOTTED1 activity in Arabidopsis
leaves using a steroid induction system. Plant. Physiol.
131 1671–1681
Aragao FJL, Sarokin L, Vianna GR and Rech EL 2000 Selection
of transgenic meristematic cells utilizing a herbicidal molecule
results in the recovery of fertile transgenic soybean [Glycine
max LMerril] plants at a high frequency. Theor. Appl. Genet.
101 1–6
Araki H, Jearnpipatkul A, Tatsumi H, Sakurai T, Ushino K, Muta
T and Oshima Y 1987 Molecular and functional organization of
yeast plasmid pSR1. J. Mol. Biol. 182 191–203
Arias RS, Dayan FE, Michel A, Howell JL and Scheffler BE 2006
Characterization of a higher plant herbicide-resistant phytoene
desaturase and its use as a selectable marker. Plant Biotechnol. J.
4 263–273
Arumugam N, Gupta V, Jagannath A, Mukhopadhyay A, Pradhan
AK and Burma PK 2007 A passage through in vitro culture
leads to efficient production of marker-free transgenic plants
in Brassica juncea using the Cre-loxP system. Transgenic Res.
16 703–712
Bai X, Wang Q and Chu C 2008 Excision of a selective marker in
transgenic rice using a novel Cre/loxP system controlled by a
floral specific promoter. Transgenic Res. 17 1035–1043
Baisakh N, Rehana S, Rai M, Oliva N, Tan J, Mackill DJ, Khush
GS, Datta K and Datta SK 2006 Marker-free transgenic MFT
near-isogenic introgression lines NIILs of ‘golden’ indica rice
cv IR64 with accumulation of provitamin A in the endosperm
tissue. Plant Biotechnol. J. 4 467–475
188 Narendra Tuteja et al.
J. Biosci. 37(1), March 2012
Ballester A, Cervera M and Pena L 2007 Efficient production of
transgenic citrus plants using isopentenyl transferase positive
selection and removal of the marker gene by site-specific
recombination. Plant Cell Rep. 26 39–45
Ballester A, Cervera M and Pena L 2010 Selectable marker-free
transgenic orange plants recovered under non-selective con-
ditions and through PCR analysis of all regenerants. Plant Cell
Tiss. Organ Cult. 99 345–351
Barampuram S and Zhang ZJ 2011 Recent advances in plant
transformation. Method. Mol. Biol. 701 1–35
Barry G, Kishore G, Padgette S, Talor M, Kolacz K, Weldon, et al
1992 Inhibitors of aminoacid biosynthesis strategies for
imparting glyphosate tolerance to plants In Biosynthes is and
molecular regulation of aminoacids in plants. Am. Soc. Plant.
Physiol. 139–145
Bates GW 1994 Genetic transformation of plants by protoplast
electroporation. Mol. Biotechnol. 2 135–145
Bayer M and Hess D 2005 Restoring full pollen fertility in
transgenic male-sterile tobacco Nicotiana tabacum L by
Cre-mediated site-specific recombination. Mol. Breed.
15 193–203
Bayley CC, Morgan M, Dale EC and Ow DW 1992 Exchange
of gene activity in transgenic plants catalyzed by the Cre-lox
site-specific recombination system. Plant Mol. Biol.
18 353–361
Beclin C, Charlot F, Botton E, Jouanin L and Dore C 1993
Potential use of aux2 gene from Agrobacterium rhizogenes as a
conditional negative marker in transgenic cabbage. Transgenic
Res. 2 48–55
Bevan MW, Flavell RB and Chilton MD 1983 A chimeric
antibiotic resistance gene as a selectable marker for plant cell
transformation. Nature 304 184–187
Bhatnagar M, Prasad K, Bhatnagar-Mathur P, Narasu ML, Waliyar
F and Sharma KK 2010 An efficient method for the production
of marker-free transgenic plants of peanut Arachis hypogaea L.
Plant Cell Rep. 29 495–502
Bouchabke-Coussa O, Quashie ML, Redondo JS, For-tabat MN,
Gery C, Yu A, Linderme D, Trouverie J, et al. 2008 ESKMO1
is a key gene involved in water economy as well as cold
acclimation and salt tolerance. BMC Plant Biol. 8 125
Breitler JC, Meynard D, Boxtel JV, Royer M, Cambillau L and
Guiderdoni E 2004 A novel two T-DNA binary vector
allows efficient generation of marker-free transgenic plants
in three elite cultivars of rice Oryza sativa L. Transgenic
Res. 13 271–287
Bukovinszki A, Diveki Z, Csanyi M, Palkovics L and Balazs E
2007 Engineering resistance to PVY in different potato cultivars
in a marker-free transformation system using a ‘shooter mutant’
A tumefaciens. Plant Cell Rep. 26 459–465
Campolina de and Soares A 2001 Campaign overview: for a
GMO-free Brazil; in Proceedings of the flipside of genetic
engineering (http://wwwgentechdebatnl/news/shownewsasp?
itemid)
Chakraborti D, Sarkar A, Hossain A, Mondal HA, Schuer-mann D,
Hohn B, Sarmah BK and Das S 2008 Cre/lox system to develop
selectable marker-free transgenic tobacco plants conferring
resistance against sap sucking homopteran insect. Plant Cell
Rep. 27 1623–1633
Charng YC, Li KT, Tai HK, Lin NS and Tu J 2008 An inducible
transposon system to terminate the function of a selectable
marker in transgenic plants. Mol. Breed. 21 359–368
Chen S, Li X, Liu X, Xu H, Meng K, Xiao G, Wei X, Wang F and
Zhu Z 2005 Green fluorescent protein as a vital elimination
marker to easily screen marker-free transgenic progeny derived
from plants co-transformed with a double T-DNA binary vector
system. Plant Cell Rep. 23 625–631
Chen IC, Thiruvengadam V, Lin WD, Chang HH and Hsu WH
2010 Lysine racemase: a novel non-antibiotic selectable marker
for plant transformation. Plant Mol. Biol. 72 153–116
Chin HG, Choe MS, Lee SH, Park SH, Park SH, Koo JC, Kim
NY, Lee JJ, et al. 1999 Molecular analysis of rice plants
harboring an Ac/Ds transposable element mediated gene
trapping system. Plant J. 19 615–623
Cho YG 2009 Auto-excision of selectable marker genes from
transgenic tobacco via a stress inducible FLP/FRT site-specific
recombination system. Transgenic Res. 18 455–465
Cho HJ, Brotherton JE and Widholm JM 2004 Use of the tobacco
feedback-insensitive anthranilate synthase gene ASA2 as a
selectable marker for legume hairy root transformation. Plant
Cell Rep. 23 104–113
Coates CJ, Kaminski JM, Summers JB, Segal DJ, Miller AD and
Kolb AF 2005 Site-directed genome modification: derivatives
of DNA-modifying enzymes as targeting tools. Trend.
Biotechol. 23 407–419
Cotsaftis O, Sallaud C, Breitler JC, Meynard D, Greco R and
Pereira A 2002 Transposon-mediated generation of T-DNA-
and marker-free rice plants expressing a Bt endotoxin gene.
Mol. Breed. 7 25–33
Cuellar W, Gaudin A, Solorzano D, Casas A, Nopo L,
Chudalayandi P, Medrano G, Kreuze J and Ghislain M 2006
Self-excision of the antibiotic resistance gene nptII using a heat
inducible Cre-loxP system from transgenic potato. Plant Mol.
Biol. 62 71–82
Cui M, Takayanagi K, Kamada H, Nishimura S and Handa T 2000
Transformation of Antirrhinum majus L by a rol-type multi-
autotransformation MAT vector system. Plant Sci. 159 273–280
Cui M, Takayanagi K, Kamada H, Nishimura S and Handa T 2001
Efficient shoot regeneration from hairy roots of Antirrhinum
majus L transformed by the rol-type MAT vector system. Plant
Cell Rep. 20 55–59
Czako M and Marton L 1994 The herpes simplex virus thymidine
kinase gene as a conditional negative-selection marker gene in
Arabidopsis thaliana. Plant. Physiol. 104 1067–1071
Dale EC and David WO 1991 Gene transfer with subsequent
removal of the selection gene from the host genome. Proc. Natl.
Acad. Sci. USA 88 10558–10562
Dale PJ, Clarke B and Fontes EMG 2002 Potential for the
environmental impact of transgenic crops. Nat. Biotechnol.
20 567–574
Dalecky A, Bourguet D and Ponsard S 2007 Does the European
corn borer disperse enough for a sustainable control of
resistance to Bt maize via the high dose/refuge strategy?
Cahiers Agric. 16 171–176
Daley M, Knauf VC, Summerfelt KR and Turner JC 1998
Co-transformation with one Agrobacterium tumefaciens
strain containing two binary plasmids as a method for
Marker-free transgenics 189
J. Biosci. 37(1), March 2012
producing marker-free transgenic plants. Plant Cell Rep.
19 489–496
Daniell H, Wiebe PO and Millan AF 2001 Antibiotic-free
chloroplast genetic engineering - an environmentally friendly
approach. Trend. Plant Sci. 6 237–239
Datta K, Baisakh N, Oliva N, Torrizo L, Abrigo E, Tan J, Rai M,
Rehana S, et al. 2003a Bioengineered ‘golden’ indica rice cultivar
with b-carotene metabolism in the endosperm with hygromycin
and mannose selection systems. Plant Biotechnol. J. 1 81–90
De Block M and Debrouwer D 1991 Two T-DNA’s co-
transformed into Brassica napus by a double Agrobacterium
tumefaciens infection are mainly integrated at the same locus.
Theor. Appl. Genet. 82 257–263
De Block M, Herrera-Estrella L, VanMontagu M, Schell J and
Zambryski P 1984 Expression of foreign genes in regenerated
plants and in their progeny. EMBO J. 3 1681–1689
De Block M, Schell J and VanMontagu M 1984 Chloroplast
transformation by Agrobacterium tumefaciens. EMBO J.
4 1367–1372
De Block M, DeBrower D and Tenning P 1989 Transformation of
Brassica napus and Brassica oleracea using Agrobacterium
tumefaciens and the expression of the bar and neo genes in the
transgenic plants. Plant Physiol. 91 694–701
De Framond AJ, Back EW, Chilton WS, Kayes L and Chilton MD
1986 Two unlinked T-DNAs can transform the same tobacco
plant cell and segregate in the F1 generation. Mol. Gen. Genet.
202 125–131
De Neve M, De Buck S, Jacobs A, Van Montagu M and Depicker
A 1997 T-DNA integration patterns in co-transformed plant
cells suggest that T-DNA repeats originate from co-integration
of separate T-DNAs. Plant J. 11 15–29
De Vetten N, Wolters AM, Raemakers K, Vander Meer I, Stege R,
Heeres E, Heeres P and Visser R 2003 A transformation method
for obtaining marker-free plants of a cross-pollinating and
vegetatively propagated crop. Nat. Biotechnol. 21 439–442
Deb Roy SM, Saxena PS, Bhomkar M, Pooggin T, Hohn and
Sarin NB 2008 Generation of marker free salt tolerant
transgenic plants of Arabidopsis thaliana using the glyI gene
and cre gene under inducible promoters. Plant Cell Tiss.
Organ Cult. 95 1–11
Depicker A, Herman L, Jacobs A, Schell J and Van Montague M
1985 Frequencies of simultaneous transformation with different
T-DNAs and their relevance to the Agrobacterium plant cell
interaction. Mol. Gen. Genet. 201 477–484
Depicker AG, Jacobs AM and Van Montagu MC 1988 A negative
selection scheme for tobacco protoplast-derived cells expressing
the T-DNA gene. Plant Cell Rep. 7 63–66
Dutt M, Li ZT, Dhekney SA and Gray DJ 2008 A co-
transformation system to produce transgenic grapevines free
of marker genes. Plant Sci. 175 423–430
Ebinuma H and Komamine A 2001 MAT multi-auto-transformation
vector system. The oncogenes of Agrobacterium as positive
markers for regeneration and selection of marker-free transgenic
plants. In Vitro Cell Dev. Biol. Plant 37 103–113
Ebinuma H, Sugita K, Matsunaga E and Yamakado M 1997
Selection of marker-free transgenic plants using the iso-
pentenyl transferase gene. Proc. Natl. Acad. Sci. USA
94 2117–2121
Ebmeier A, Allison L, Cerutti H and Clemente T 2004 Evaluation
of the Escherichia coli threonine deaminase gene as a selectable
marker for plant transformation. Planta 218 751–758
Ellstrand NC 2001 When transgeneswander shouldweworry?
Plant. Physiol. 125 1543–1545
Ellstrand NC 2003 Current knowledge of gene flow in plants:
implications for transgene flow. Philos. Trans. R. Soc. B Biol.
Sci. 358 1163–1170
Ellstrand NC, Hancock JF and Hancock JF 1999 Gene flow and
introgression from domesticated plants into their wild relatives.
Annu. Rev. Ecolog. Syst. 30 539–563
Endo S, Kasahara T, Sugita K, Matsunaga E and Ebinuma H 2001
The isopentenyltransferase gene is effective as a selectable
marker gene for plant transformation in tobacco Nicotiana
tabacum cv PetiteHavanaSRI. Plant Cell Rep. 20 60–66
Endo S, Sugita K, Sakai M, Tanaka H and Ebinuma H 2002
Single-step transformation for generating marker-free transgenic
rice using the ipt-type MAT vector system. Plant J. 30 115–122
Enoki H, Izawa T, Kawahara M, Komatsu M, Koh S, Kyozuka J
and Shimamoto K 1999 Ac as a tool for functional genomics of
rice. Plant J. 19 605–613
Erikson O, Hertzberg M and Nasholm T 2004 A conditional
marker gene allowing both positive and negative selection in
plants. Nat. Biotechnol. 22 455–458
Erikson O, Hertzberg M and Nasholm T 2005 The dsdA gene from
Escherichia coli provides a novel selectable marker for plant
transformation. Plant Mol. Biol. 57 425–433
Fladung M and Becker D 2010 Targeted integration and removal
of transgenes in hybrid aspen Populus tremula L x P
tremuloides Michx using site-specific recombination systems.
Plant Biol. (Stuttg) 12 334–340
Fladung M, Schenk TMH, Polak O and Becker D 2010
Elimination of marker genes and targeted integration via FLP ⁄
FRT recombination system from yeast in hybrid aspen Populus
tremula L P tremuloides Michx. Tree Genet. Genom. 6 205–217
Food and Agriculture Organization/World Health Organization
2000 Safety aspects of genetically modified foods of plant
origin. Report of a Joint FAO/WHO Consultation on Foods
Derived from Biotechnology (Geneva: World Health
Organization)
Fraley RT, Rogers SG, Horsch RB, Sanders PR and Fick JS 1983
Adams SPetal Expression of bacterial genes in plant cells. Proc.
Natl. Acad. Sci. USA 80 4803–4807
Framond AJD, Back EW, Chilton WS, Kayes L and Chilton M
1986 Two unlinked T-DNAs can transform the same tobacco
plant cell and segregate in the F1 generation. Mol. Gen. Genet.
202 125–131
Francois IEJA, Broekaert WF and Cammue BPA 2002 Different
approaches for multi-transgene-stacking in plants. Plant Sci.
163 281–295
Freyssinet G, Pelissier B, Freyssinet M and Delon R 1996 Crops
resistant to oxynils: from the laboratory to the market. Field
Crops Res. 45 125–133
Gadaleta A, Giancaspro A, Blechl A and Blanco A 2006
Phosphomannose isomerase pmi as a selectable marker gene
for durum wheat transformation. J. Cereal Sci. 43 31–37
Gan C 1989 Gene Gun Accelerates DNA-Coated Particles To
Transform Intact Cells. The Scientist 3 25
190 Narendra Tuteja et al.
J. Biosci. 37(1), March 2012
Giovannetti M, Sbrana C and Turrini A 2005 The impact of
genetically modified crops on soil microbial communities. Riv.
Biol.-Biol. Forum 98 393–417
Gleave AP, Mitra DS, Mudge S and Morris BAM 1999 Selectable
marker-free transgenic plants without sexual crossing: transient
expression of Cre recombinase and use of the conditional lethal
dominant gene. Plant Mol. Biol. 40 223–235
Goddijn OJM, vander Duyn Schouten PM, Schilperoort RA
and Hoge JHC 1993 A chimeric tryptophan decarboxylase
gene as a novel selectable marker in plant cells. Plant Mol.
Biol. 22 907–912
Goldsbrough AP, Lastrella CN and Yoder JI 1993
Transposition-mediated re-positioning and subsequent elim-
ination of marker genes from transgenic tomatoes.
Biotechnology 11 1286–1292
Goossens H, Ferech M, Stichele VR and Elseviers M 2005
Outpatient antibiotic use in Europe and association with
resistance: a cross-national database study. Lancet 365 579–587
Gough KC, Hawes WS, Kilpatrick J and Whitelam GC 2001
Cyanobacterial GR6 glutamate-1-semialdehyde aminotransfer-
ase: a novel enzyme-based selectable marker for plant transfor-
mation. Plant Cell Rep. 20 296–300
Gronlund JT, Stemmer C, Lichota J, Merkle T and Grasser KD
2007 Functionality of the b/six site-specific recombination
system in tobacco and Arabidopsis: A Novel Tool for genetic
engineering of plant genomes. Plant Mol. Biol. 63 545–556
Guerineau F, Brooks L, Meadows J, Lucy A, Robinson C and
Mullineaux P 1990 Sulfonamide resistance gene for plant
transformation. Plant Mol. Biol. 15 127–136
Haldrup A, Petersen SG and Okkels FT 1998a The xylose
isomerase gene from Thermoanaerobacterium thermosulfu-
rogenes allows effective selection of transgenic plant cells
using D-xylose as the selection agent. Plant Mol. Biol.
37 287–296
Haldrup A, Petersen SG and Okkels FT 1998b Positive selection: a
plant selection principle based on xylose isom-erase an enzyme
used in the food industry. Plant Cell Rep. 18 76–81
Halpin C 2005 Gene stacking in transgenic plants—the
challenge for 21st century plant biotechnology. Plant
Biotechnol. J. 3 141–155
Hao J, Niu Y, Yang B, Gao F, Zhang L, Wang J and Hasi A 2011
Transformation of a marker-free and vector-free antisense ACC
oxidase gene cassette into melon via the pollen-tube Pathway.
Biotechnol. Lett. 33 55–61
Hare P and Chua NH 2002 Excision of selectable marker genes
from transgenic plants. Nat. Biotechnol. 20 575–580
Hayford MB, Medford JI, Hoffman NL, Rogers SG and Klee HJ
1988 Development of a plant transformation selection system
based on expression of genes encoding gentamicin acetyltrans-
ferases. Plant. Physiol. 86 1216–1222
Herrera-Estrella L, Block MD, Messens E, Hernalsteens JP,
Montagu MV and Schell J 1983 Chimeric genes as dominant
selectable markers in plant cells. EMBO J. 2 987–995
Herrere-Estrella 1983 Transfer and expression of foreign genes in
plants; Phd thesis (Laboratory of Genetics Gent University
Belgium)
Hewelt A, Prinsen E, Schell J, Van Onckelen H, and Schmulling T
(1994) Promoter tagging with a promoterless ipt gene leads to
cytokinin-induced phenotypic variability in transgenic tobacco
plants: implications of gene dosage effects. Plant J. 6, 879–891
Higgins JD, Newbury HJ, Barbara DJ, Muthumeenakshi S and
Puddephat IJ 2006 The production of marker-free genetically
engineered broccoli with sense and antisense ACC synthase 1 and
ACC oxidases 1 and 2 to extend shelf life. Mol. Breed. 17 7–20
Hille J, Verheggen F, Roelvink P, Franssen H, vanKammen A and
Zabel P 1986 Bleomycin resistance: a new dominant selectable
marker for plant cell transformation. Plant Mol. Biol. 7 171–176
Ho MW, Ryan A and Cummins J 1999 Cauliflower mosaic
viral promotor-a recipe for disaster? Microb. Ecol. Health Dis.
11 194–197
Hoa TT, Bong BB, Huq E and Hodges TK 2002 Cre/lox site-
specific recombination controls the excision of a transgene from
the rice genome. Theor. Appl. Genet. 104 518–525
Hoff T, Schnorr KM and Mundy J 2001 A recombinase-mediated
transcriptional induction system in transgenic plants. Plant Mol.
Biol. 45 41–49
Hohn B, Levy AA and Puchta H 2001 Elimination of selection
markers from transgenic plants. Curr. Opin. Biotechnol.
12 139–143
Hsiao P, Sanjaya Su RC, Teixeira da Silva JA and Chan MT 2007
Plant native tryptophan synthase beta 1 gene is a non-antibiotic
selection marker for plant transformation. Planta 225 897–906
Huang J, Rozelle SPray C and Wang Q 2002 Plant biotechnology
in China. Science 295 674–677
Huang S, Gilbertson LA, Adams TH, Malloy KP, Reisenbigler
EK, Birr DH, Snyder MW, Zhang Q and Luethry MH 2004
Generation of marker-free transgenic maize by regular two
border Agrobacterium transformation vectors. Transgenic Res.
13 451–461
Iamtham S and Day A 2000 Removal of antibiotic resistance
genes from transgenic tobacco plastids. Nat. Biotechnol.
18 1172–1176
Izawa T, Miyazaki C, Yamamoto M, Terada R and Iida S 1991
Introduction and transposition of the maize transposable element
Ac in rice Oryza sativa L. Mol. Gen. Genet. 227 391–396
Izawa T, Ohnishi T, Nakano T, Ishida N and Enoki H 1997
Transposon tagging in rice. Plant Mol. Biol. 35 219–229
Jacob SS and Veluthambi K 2002 Generation of selection marker-
free transgenic plants by cotransformation of a cointegrate
vector T-DNA and a binary vector T-DNA in one
Agrobacterium tumefaciens strain. Plant Sci. 163 801–806
James C 2001 Global review of commercialised transgenic crops:
2001 ISAAABriefs no 24: Preview (Ithaca: International
Service for the Acquisition of Agri-Biotech Applications)
http://wwwisaaaorg/publications/briefs/Brief_24htm
James C 2002 Global status of commercialized transgenic crops.
ISAAA Briefs 27 1–36
James C 2002 World-wide deployment of GM crops: aims and
results – state of the art; in Discourse on genetically
modified plants. Bundesministerium fur Verbraucherschutz
Ernahrung und Landwirtschaft, Bad Neuenahr, Germany http://
wwwgruenegentechnikde/Doku_Fachtagung/james_englpdf
James C 2006 Global status of commercialized biotech/GM crops.
ISAAA Brief 35
James C 2010 Global status of commercialized biotech/GM crops.
ISAAA Brief 42
Marker-free transgenics 191
J. Biosci. 37(1), March 2012
Jelenska J, Tietze E, Tempe J and Brevet J 2000 Streptothricin
resistance as a novel selectable marker for transgenic plant cells.
Plant Cell Rep. 19 298–303
Jia H, Pang Y, Chen X and Fang R 2006 Removal of the selectable
marker gene from transgenic tobacco plants by expression of
Cre recombinase from a Tobacco Mosaic Virus vector through
agroinfection. Transgenic Res. 15 375–384
Joersbo M and Okkels FT 1996 A novel principle for selection of
transgenic plant cells: positive selection. Plant Cell Rep. 16 219–221
Joersbo M, Donaldson I, Kreiberg J, Petersen S, Brunstedt J and
Okkelsz F 1998 Analysis of mannose selection used for
transformation of sugar beet. Mol. Breed. 4 111–117
Joersbo M, Mikkelsen JD and Brunstedt J 2000 Relationship
between promoter strength and transformation frequencies
using mannose selection for the production of transgenic sugar
beet. Mol. Breed. 6 207–213
Karlin-Neumann GA, Brusslan JA and Tobin EM 1991
Phytochrome control of the tms2 gene in transgenic
Arabidopsis: a strategy for selecting mutants in the signal
transduction pathway. Plant Cell 3 573–582
Kavitha K, Suja G, Gayatri V and Ajay Parida 2010 Salt-inducible
chloroplastic monodehydroascorbate reductase from halophyte
Avicennia marina confers salt stress tolerance on transgenic
plants. Biochimie 92 1321–1329
Khan RS, Chin DP, Nakamura I and Mii M 2006 Production of
marker-free Nierembergia caerulea using MAT vector system.
Plant Cell Rep. 25 914–919
Khan RS, Nakamura I and Mii M 2010a Production and selection
of marker-free transgenic plants of Petunia hybrida using
sitespecific recombination. Biol. Plant 54 265–271
Khan RS, Ntui VO, Chin DP, Nakamura I and Mii M 2010b
Production of marker-free disease-resistant potato using iso-
pentenyl transferase gene as a positive selection marker. Plant
Cell Rep. 30 587–597
Khan RS, Thirukkumaran G, Nakamura I and Mii M 2010c Rol
root loci gene as a positive selection marker to produce marker-
free Petunia hybrida. Plant Cell Tiss. Organ Cult. 101 279–285
Khan RS, Nakamura I and Mii M 2011 Development of disease-
resistant marker-free tomato by R/RS site-specific recombina-
tion. Plant Cell Rep. 30 1041–1053
Khattri A, Nandy S and Srivastava V 2011 Heat-inducible
Cre-lox system for marker excision in transgenic rice. J. Biosci.
36 37–42
Kobayashi T, Hisajima S, Stougaard J and Ichikawa HA 1995
Conditional negative selection for Arabidopsis expressing a
bacterial cytosine deaminase gene. Jpn. J. Genet. 70 409–422
Kobayashi KM, Yabe N, Tsuchiya M, Harada S, Kobayashi T,
Komeda Y et al 2005 Rice OASA1D a mutant anthranilate
synthase a subunit gene is an effective selectable marker
for transformation of Arabidopsis thaliana. Plant Biotechnol.
22 271–276
Kolb AF 2002 Genome engineering using site-specific recombi-
nases. Cloning Stem Cells 4 65–80
Komari T, Hiei Y, Saito Y, Murai N and Kumashiro T 1996
Vectors carrying two separate T-DNAs for co-transformation of
higher plants mediated by Agrobacterium tumefaciens and
segregation of transformants free from selection markers.
Plant J. 10 165–174
Kondrak M, van der Meer IM and Banfalvi Z 2006 Generation of
markerand backbone-free transgenic potatoes by site-specific
recombination and a bi-functional marker gene in a non-regular
oneborder Agrobacterium transformation vector. Transgenic
Res. 15 729–737
Kopertekh L, Juttner G and Schiemann J 2004a Site-specific
recombination induced in transgenic plants by PVX virus
vector expressing bacteriophage P1 recombinase. Plant Sci.
166 485–492
Kopertekh L, Juttner G and Schiemann J 2004b PVX-Cre-
mediated marker gene elimination from transgenic plants.
Plant Mol. Biol. 55 491–500
Kopertekh L, Broer I and Schiemann J 2009 Developmentally
regulated site-specific marker gene excision in transgenic B
napus plants. Plant Cell Rep. 28 1075–1083
Kopertekh L, Schulze K, Frolov A, Strack D, Broer I and
Schiemann J 2010 Cre-mediated seed-specific transgene exci-
sion in tobacco. Plant Mol. Biol. 72 597–605
Koprek T, McElroy D, Louwerse J, William-Carrier R and
Lemaux PG 1999 Negative selection systems for trans-
genic barley Hordeum vulgare L: comparison of bacterial
codA- and cytochrome P450 gene-mediated selection. Plant J.
19 719–726
Koziel MG, Adams TL, Hazlet MA, Damm D, Miller J, Dahlbeck
D, et al. 1984 A cauliflower mosaic virus promoter directs
expression of kanamycin resistance in morphogenic trans-
formed plant cells. J. Mol. Appl. Genet. 2 549–562
Kumar S, Arul L and Talwar D 2010 Generation of marker-free Bt
transgenic indica rice and evaluation of its yellow stem borer
resistance. J. Appl. Genet. 51 243–257
Kunkel T, Niu QW, Chan YS and Chua NH 1999 Inducible
isopentenyl transferase as a high-efficiency marker for plant
transformation. Nat. Biotechnol. 17 916–919
Kunze R and Starlinger P 1989 The putative transposase of
transposable element Ac from Zea mays L interacts with
subterminal sequences of Ac. EMBO J. 8 3177–3185
Kunze I, Ebneth M, Heim U, Geiger M, Sonnewald U and Herbers
K 2001 2-Deoxyglucose resistance: a novel selection marker for
plant transformation. Mol. Breed. 7 221–227
Kuroda H and Maliga P 2003 The plastid clpP1 protease gene is
essential for plant development. Nature 425 86–89
LaFayette PR, Kane PM, Phan BH and Parrott WA 2005 Arabitol
dehydrogenase as a selectable marker for rice. Plant Cell Rep.
24 596–602
Landy A 1989 Dynamic structural and regulatory aspects of X site-
specific recombination. Annu. Rev. Biochem. 58 913–949
Lee LY and Gelvin SB 2008 T-DNABinary Vectors and Systems.
Plant. Physiol. 146 325–332
Leyman B, Avonce N, Ramon M, Van Dijck P, Iturriaga G
and Thevelein JM 2006 Trehalose-6-phosphate synthase as
an intrinsic selection marker for plant transformation.
J. Biotechnol. 121 309–317
Li GP, Wu KM, Gould F, Wang JK, Miaoi J, Gao XW, et al. 2007
Increasing tolerance to Cry1Ac cotton from cotton bollworm
Helicoverpa armigera was confirmed in Bt cotton farming area
of China. Ecol. Entomol. 32 366–375
Li Z, Xing A, Moon BP, Burgoyne SA, Guida AD, Liang H, Lee
C, Caster CS, et al. 2007 ACre/loxPmediated self-activating
192 Narendra Tuteja et al.
J. Biosci. 37(1), March 2012
gene excision system to produce marker gene free transgenic
soybean plants. Plant Mol. Biol. 65 329–341
Li B, Xie C and Qiu H 2009 Production of selectable marker-free
transgenic tobacco plants using a non-selection approach:
chimerism or escape transgene inheritance and efficiency.
Plant Cell Rep. 28 373–386
Li B, Li N, Duan X, Wei A, Yang A and Zhang J 2010 Generation
of marker-free transgenic maize with improved salt tolerance
using the FLP/FRT recombination system. Journal of
Biotechnology 145 206–213
Lin C, Jun F, Xu X, Zhao T, Cheng J, Tu J, Ye G and Shen Z 2008 A
built-in strategy for containment of transgenic plants: Creation of
selectively terminable transgenic rice. PLoS One 3 1818
Liu Z, Davis C and Mount D 2000 TREGED: a new strategy for
inducing deletions in plant genomes. Plant Mol. Biol. Rep
18 255–263
Liu HK, Yang C and Wei ZH 2005 Heat shock-regulated
sitespecific excision of extraneous DNA in transgenic plants.
Plant Sci. 168 997–1003
Liu J, Su Q, An L and Yang A 2009 Transfer of a minimal linear
marker-free and vector-free smGFP cassette into soybean via
ovary-drip transformation. Biotechnol. Lett. 31 295–303
Lu BR and Snow AA 2005 Gene flow from genetically modified
rice and its environmental consequences. Bioscience 55 669–78
Lucca P, Ye X and Potrykus I 2001 Effective selection and
regeneration of transgenic rice plants with mannose as selective
agent. Mol. Breed. 7 43–49
Luo K, Xuelian Z, Yongqin C, Yuehua X, Degang Z, McAvoy R,
Yan P and Yi L 2006 The maize Knotted1 gene is an effective
positive selectable marker gene for Agrobacterium-mediated
tobacco transformation. Plant Cell Rep. 25 403–409
Luo K, Duan H, Zhao D, Zheng X, Deng W, Chen Y, Stewart CN,
McAvoy R, et al. 2007 ‘GM-gene-deleter’: fused loxP-FRT
recognition sequences dramatically improve the efficiency of
FLP or CRE recombinase on transgene excision from pollen
and seed of tobacco plants. Plant Biotechnol. J. 5 263–274
Luo KM, Sun M, Deng W and Xu S 2008 Excision of selectable
marker gene from transgenic tobacco using the GM-gene-
deletor system regulated by a heat-inducible promoter.
Biotechnol. Lett. 30 1295–1302
Lyznik LA, Rao KV and Hodges TK 1996 FLP-mediated
recombination of FRT sites in maize genome. Nucleic Acids
Res. 24 3784–3789
Ma BG, Duan XY, Niu JX, Ma C, Hao QN, Zhang LX and Zhang
HP 2009 Expression of stilbene synthase gene in transgenic
tomato using salicylic acid-inducible Cre/loxP recombination
system with self-excision of selectable marker. Biotechnol. Lett.
31 163–169
Maliga P, Svab Z, Harper EC and Jones JDG 1988 Improved
expression of streptomycin resistance in plants due to adeletion
in the streptomycin phosphotransferase coding sequence. Mol.
Gen. Genet. 214 456–459
Malnoy M, Boresjza-Wysocka EE, Norelli JL, Flaishman MA,
Gidoni D and Aldwinckle HS 2010 Genetic transformation of
apple Malus x domestica without use of a selectable marker
gene. Tree Genet. Genom. 6 423–433
Manimaran P, Ramkumar G, Sakthivel K, Sundaram RM, Madhav
MS and Balachandran SM 2011 Suitability of non-lethal marker
and marker-free systems for development of transgenic crop plants:
Present status and future prospects. Biotechnol. Adv. 29 703–714
Matsunaga E, Sugita K and Ebinuma H 2002 Asexual production
of selectable-marker free transgenic woody plants vegetatively
propagated species. Mol. Breed. 10 95–106
Matthew PR, Wang MB, Waterhouse PM, Thornton S, Fieg SJ,
Gubler F and Jacobsen JV 2001 Marker gene elimination from
transgenic barley using co-transformation with adjacent “twin
T-DNAs” on a standard Agrobacterium transformation vector.
Mol. Breed. 7 195–202
Matzke MA, Primig M, Trnovsky J and Matzke AJM 1989
Reversible methylation and inactivation of marker genes in
sequentially transformed tobacco plants. EMBO J. 8 643–649
McCormac AC, Fowler MR, Chen DF and Elliott MC 2001
Efficient co-transformation of Nicotiana tabacum by two
independent T-DNAs the effect of T-DNA size and implications
for genetic separation. Transgenic Res. 10 143–155
McKnight TD, Lillis MT and Simpson RB 1987 Segregation of
genes transferred to one plant cell from two separate
Agrobacterium strains. Plant Mol. Biol. 8 439–445
Mercer KL, Andow DA, Wyse DL and Shaw RG 2007 Stress and
domestication traits increase the relative fitness of crop-wild
hybrids in sunflower. Ecol. Lett. 10 383–93
Miki B and Mchugh S 2004 Selectable marker genes in transgenic
plants: applications alternatives and biosafety. J. Biotechnol.
107 193–232
Miller M, Tagliani L, Wang N, Berka B and Bidney D 2002 High
efficiency transgene segregation in co-transformed maize plants
using an Agrobacterium tumefaciens 2 T-DNA binary system.
Transgenic Res. 11 381–396
Mlynarova L and Nap JP 2003 A self-excising Cre recombi-
nase allows efficient recombination of multiple ectopic
heterospecific lox sites in transgenic tobacco. Transgenic
Res. 12 45–57
Mlynarova L, Conner AJ and Nap JPH 2006 Directed
microspore-specific recombination of transgenic alleles to
prevent pollen-mediated transmission of transgenes. Plant
Biotechnol. J. 4 445–452
Moravcıkova J, Vaculkova E, Bauer M and Libantova J 2008
Feasibility of the seed specific cruciferin C promoter in
the self excision Cre/loxP strategy focused on generation
of marker-free transgenic plants. Theor. Appl. Genet.
117 1325–1334
Munns R 2005 Genes and salt tolerance: bringing them together.
New Phytol. 167 645–663
Nakagawa Y, Machida C, Machida Y and Toriyama K 2001
Asystem to induce the deletion of genomic sequences using R/
RS site-specific recombination and the Ac transposon intrans-
genic rice plants. Theor. Appl. Genet. 102 1136–1141
Nandy S and Srivastava V 2011 Site-specific gene integration in
rice genome mediated by the FLP–FRT recombination system.
Plant Biotechnol. J. 9 713–721
Nanto K and Ebinuma H 2008 Marker-free site-specific integra-
tionplants. Transgenic Res. 17 337–344
Negrotto D, Jolley M, Beer S, Wenck AR and Hansen G 2000 The
use of phosphomannose-isomerase as a selectable marker to
recover transgenic maize plants Zea mays L via Agrobacterium
transformation. Plant Cell Rep. 19 798–803
Marker-free transgenics 193
J. Biosci. 37(1), March 2012
O'Callaghan M, Glare TR, Burgess EPJ and Malone LA 2005
Effects of plants genetically modified for insect resistance on
non-target organisms. Annu. Rev. Entomol. 50 271–292
Odell JT, Caimi P, Sauer B and Russell SH 1990 Site-directed
recombination in the genome of transgenic tobacco. Mol. Gen.
Genet. 223 369–378
O’Keefe DP, Tepperman JM, Dean C, Leto KJ, Erbes DL and
Odell JT 1994 Plant expression of a bacterial cyto-chrome P450
that catalyzes activation of a sulfonylurea pro- herbicide. Plant.
Physiol. 105 473–482
Okkels FT, Ward J and Joersb M 1997 Synthesis of cytoki-nin
glucuronides for the selection of transgenic plant cells.
Phytochemistry 46 801–804
Oliveira AR, Castro TR, Capalbo DMF and Delalibera I 2007
Toxicological evaluation of genetically modified cotton
BollgardR and Dipel RWP on the non-target soil mite
Scheloribates praeincisus Acari: Oribatida. Exp .Appl. Acarol.
41 191–201
Olszewski NE, Martin FB and Ausubel FM 1988 Specialized
binary vector for plant transformation: expression of the
Arabidopsis thaliana AHAS gene in Nicotiana tabacum.
Nucleic Acids Res. 16 10765–10781
Osakabe K, Endo M, Kawai K, Nishizawa Y, Ono K, Abe K,
Ishikawa Y, Nakamura H, Ichikawa H, Nishimura S, Shimizu T
and Toki S 2005 The mutant form of acetolactate synthase
genomic DNA from rice is an efficient selectable marker for
genetic transformation. Mol. Breed. 16 313–320
Park J, Lee YK, Kang BK and Chung WII 2004 Co-transformation
using a negative selectable marker gene for production of
selectable marker gene-free transgenic plants. Theor. Appl.
Genet. 109 1562–1567
Parkhi V, Rai M, Tan J, Oliva N, Rehana S, Bandyopadhyay A,
Torrizo L, Ghole V, Datta K and Datta SK 2005 Molecular
characterization of marker-free transgenic lines of indica rice
that accumulate carotenoids in seed endosperm. Mol. Genet.
Genom. 274 325–336
Patil G, Deokar A, Jain PK, Thengane RJ and Srinivasan R 2009
Development of a phosphomannose isomerase-based
Agrobacterium-mediated transformation system for chickpea
Cicer arietinum L. Plant Cell Rep. 28 1669–1676
Perl A, Galili S, Shaul O, Ben-Tzvi I and Galili G 1993 Bacterial
dihydrodipicolinate synthase and desensitized aspartic kinase:
two novel selectable markers for plant transformation.
Biotechnology 11 715–718
Permingeat HR, Alvarez ML, Cervigni GDL, Ravizzini RA and
Vallejos RH 2003 Stable wheat transformations obtained
without selectable markers. Plant Mol. Biol. 52 415–419
Prols F and Meyer P 1992 The methylation patterns of chromo-
somal integration regions influence gene activity of transferred
DNA in Petunia hybrida. Plant J. 2 465–475
Puchta H 2000 Removing selectable marker genes: taking the
shortcut. Trend. Plant Sci. 5 273–274
Qi Y, Ye S, Lu Y, Jin Q and Zhang X 2009 Development of
marker-free transgenic Cry1Ab rice with Lepidopteran pest
resistance by Agrobacterium mixture-mediated co-transformation.
Rice Sci. 16 181–186
Qiu C, Sangha JS, Song F, Zhou Z, Yin A, Gu K, Tian D,
Yang J and Yin Z 2010 Production of marker-free
transgenic rice expressing tissue-specific Bt gene. Plant
Cell Rep. 29 1097–1107
Rakoczy-Trojanowska M 2002 Alternative methods of plant
transformation - a short review. Cell Mol. Biol. Lett. 7 849–858
Ramana Rao MV and Veluthambi K 2010 Selectable marker
elimination in the T0 generation by Agrobacterium-mediated
co-transformation involving Mungbean yellow mosaic virus
TrAP as a non-conditional negative selectable marker and bar
for transient positive selection. Plant Cell Rep. 29 473–483
Ramana Rao MV, Parameswari C, Sripriya R and Veluthambi K
2011 Transgene stacking and marker elimination in transgenic
rice by sequential Agrobacterium-mediated co-transformation
with the same selectable marker gene. Plant Cell Rep. DOI
101007/s00299-011-1033-y
Richael CM, Kalyaeva M, Chretien RC, Yan H, Adimulam S,
Stivison A, Weeks JT and Rommens CM 2008 Cytokinin
vectors mediate marker-free and backbone-free plant transfor-
mation. Transgenic Res. 17 905–917
Rohila JS, Jain RK and Wu R 2002 Genetic improvement of
Basmati rice for salt and drought tolerance by regulated
expression of a barley Hva1 cDNA. Plant Sci. 163 525–532
Rommens CM, Humara JM, Ye J, Yan H, Richael C, Zhang L,
Perry R and Swords K 2004 Crop improvement through
modification of the plant’s own genome. Plant. Physiol.
135 421–431
Rukavtsova EB, Gaiazova AR, Chebotareva EN and Burianova II
2009 Production of marker-free plants expressing the gene of
the hepatitis B virus surface antigen. Genetika 45 1055–1060
Russell SH, Hoopes JL and Odell JT 1992 Directed excision of a
transgene from the plant genome. Mol. Gen. Genet. 2 49–59
Saelim L, Phansiri S, Suksangpanomrung M, Netrphan S and
Narangajavana J 2009 Evaluation of a morphological marker
selection and excision system to generate marker-free transgen-
ic cassava plants. Plant Cell Rep. 28 445–455
Sanan-Mishra N, Phan XH, Sopory SK and Tuteja N 2005 Pea
DNA helicase 45 overexpression in tobacco confers high
salinity tolerance without affecting yield. Proc. Natl. Acad.
Sci. USA 102 509–514
Scaramelli L, Balestrazzi A, Bonadei M, Piano E, Carbonera D and
Confalonieri M 2009 Production of transgenic barrel medic
Medicago truncatula Gaernt using the ipt-type MAT vector
system and impairment of Recombinase-mediated excision
events. Plant Cell Rep. 28 197–211
Schaart JG, Krens FA, Pelgrom KTB, Mendes O and Rouwendal
GJA 2004 Effective production of markerfree transgenic
strawberry plants using inducible site-specific recombination
and a bifunctional selectable marker gene. Plant Biotechnol. J.
2 233–240
Schlaman HRM and Hooykaas PJJ 1997 Effectiveness of the
bacterial gene codA encoding cytosine deaminase as a negative
selectable marker in Agrobacterium-mediated plant transforma-
tion. Plant J. 11 1377–1385
Schubbert R, Hohlweg U, Renz D and Doerfler W 1998 On the
fate of orally ingested foreign DNA in mice: chromosomal
association and placental transmission to the fetus. Mol. Gen.
Genet. 259 569–576
Schuhmacher KD 2002 The importance of genetically modified
products in the trade of agricultural goods and foodstuffs; in
194 Narendra Tuteja et al.
J. Biosci. 37(1), March 2012
Dokumentation Diskurs Grune Gentechnik Bundesministerium
fur Verbraucherschutz Ernahrung und Landwirtschaft, Berlin,
Germany (http://wwwgruenegentechnikde/oku_Anh290102/
Schuhmacher_vortrpdf)
Scutt CP, Zubko E and Meyer P 2002 Techniques for removal
of marker genes from transgenic plants. Biochimie
84 1119–1126
Sengupta S, Chakraborti D, Mondal HA and Das S 2010
Selectable antibiotic resistance marker gene-free transgenic rice
harbouring the garlic leaf lectin gene exhibits resistance to sap-
sucking planthoppers. Plant Cell Rep. 29 261–271
Shan XY, Shan BL and Zhang JR 2006 Production of marker-free
transgenic tobacco plants by Flp/frt recombination system.
Chinese J. Biotechnol. 22 744–749
Sheen J, Hwang S, Niwa Y, Kobayashi H and Galbraith DW 1995
Green-fluorescent protein as a new vital marker in plant cells.
Plant J. 8 777–784
Shirley S, Xing A, Ye X, Schweiger B, Kinney A, Graef G and
Clemente T 2004 Production of c-linolenic acid and
stearidonic acid in seeds of marker-free transgenic soybean.
Crop Sci. 44 646–652
Shiva Prakash N, Bhojaraja R, Shivbachan SK, Hari Priya GG,
Nagraj TK, Prasad V, Srikanth Babu V, Jayaprakash TL, et al.
2009 Marker-free transgenic corn plant production through co-
bombardment. Plant Cell Rep. 28 1655–1668
Singh S, Rathore M, Goyary D, Singh RK, Anandhan S, Sharma
DK and Ahmed Z 2011 Induced ectopic expression of At-CBF1
in marker-free transgenic tomatoes confers enhanced chilling
tolerance. Plant Cell Rep. DOI 101007/s00299-011-1007-0
Sivamani E, Bahieldin A, Wraith JM, Al-Niemi T, Dyer WE, Ho
THD and Qu R 2000 Improved biomass productivity and water
use efficiency under water deficit conditions in transgenic
wheat constitutively expressing the barley HVA1 gene. Plant
Sci. 155 1–9
Smigocki AC and Hammerschlag FA 1991 Regeneration of plants
from peach embryo cells infected with a shooty mutant strain of
Agrobacterium. J. Am. Soc. Hort. Sci. 116 1092–1097
Snow AA, Pilson D, Rieseberg LH, Paulsen MJ, Pleskac N,
Reagon MR et al 2003 A Bt transgene reduces herbivory
and enhances fecundity in wild sunflowers. Ecol. Appl.
13 279–286
Song G, Sink K, Ma Y, Herlache T, Hancock J and Loescher W
2010 A novel mannose-based selection system for plant
transformation using celery mannose-6-phosphate reductase
gene. Plant Cell Rep. 29 163–172
Sreekala C, Wu L, Gu K, Wang D, Tian D and Yin Z 2005
Excision of a selectable marker in transgenic rice Oryza sativa
L using a chemically regulated Cre/loxP system. Plant Cell
Rep. 24 86–94
Sripriya R, Raghupathy V and Veluthambi K 2008 Generation
of selectable marker-free sheath blight resistant trans-
genic rice plants by efficient co-transformation of a
cointegrate vector T-DNA and a binary vector T-DNA in
one Agrobacterium tumefaciens strain. Plant Cell Rep.
27 1635–1644
Sripriya R, Sangeetha M, Parameswari C, Veluthambi B and
Veluthambi K 2011 Improved Agrobacterium-mediated co-
transformation and selectable marker elimination in transgenic
rice by using a high copy number pBin19-derived binary vector.
Plant Sci. 180 766–774
Stein JC and Hansen G 1999 Mannose induces an endonuclease
responsible for DNA laddering in plant cells. Plant Physiol.
121 71–79
Stewart CN, Richards HA and Halfhill MD 2000 Transgenic plants
and biosafety: science misconceptions and public perceptions.
Biotechniques 29 832
Stiller I, Dancs G, Hesse H, Hoefgen R and Banfalvi Z 2007
Improving the nutritive value of tubers: Elevation ofcysteine
and glutathione contents in the potato cultivar White Lady by
marker-free transformation. J. Biotechnol. 128 335–343
Stiller I, Dulai S, Kondrak M, Tarnai R, Szabo L, Toldi O and
Banfalvi Z 2008 Effects of drought on water content and
photosynthetic parameters in potato plants expressing the
trehalose-6-phosphate synthase gene of Saccharomyces cerevi-
siae. Planta 227 299–308
Sugita K, Matsunaga E and Ebinuma H 1999 Effective selection
system for generating marker-free transgenic plants independent
of sexual crossing. Plant Cell Rep. 18 941–947
Sugita K, Matsunaga E, Kasahara T and Ebinuma H 2000
Transgene stacking in plants in the absence of sexual crossing.
Mol. Breed. 6 529–536
Sun L, Zhou L, Lu M, Cai M, Jiang XW and Zhang QX 2009
Marker-Free Transgenic Chrysanthemum Obtained by
Agrobacterium-Mediated Transformation with Twin T-
DNABinary Vectors. Plant Mol. Biol. Rep 27 102–108
Sundar IK and Sakthivel N 2008 Advances in selectable
marker genes for plant transformation. J. Plant. Physiol.
165 1698–1716
Thirukkumaran G, Khan RS, Chin DP, Nakamura I and Mii M
2009 Isopentenyl ransferase gene expression offers the
positive selection of marker-free transgenic plant of
Kalanchoe Blossfeldiana. Plant Cell Tiss. Organ Cult.
97 237–242
Thirukkumarana G, Ntui VO, Khan RS, Nakamura I and Mii M
2010 Generation of phenotypically normal marker-free trans-
genic plants of Kalanchoe blossfeldiana through hairy root
induction. Plant Biotechnol. J. 27, 147–153
Thomson J 2001 Horizontal transfer of DNA from GM Crops to
bacteria and to mammalian cells. J. Food Sci. 66 188–193
Tissier AF, Marillonnet S, Klimyuk V, Patel K, Torres MA,
Murphy G and Jones JDG 1999 Multiple independent
defective Suppressor-mutator transposon insertions in
Arabidopsis: A tool for functional genomics. Plant Cell
11 1841–1852
Tu J, Datta K, Oliva N, Zhang G, Xu C, Khush GS, Zhang Q and
Datta SK 2003 Site-independently integrated transgenes in the
elite restorer rice line Minghui 63 allow removal of a selectable
marker from the gene of interest by self-segregation. Plant
Biotechnol. J. 1 155–165
Tuominen H, Sitbon F, Jacobsson C, Sandberg G, Olsson O and
Sundberg B 1995 Altered growth and wood characteristics in
transgenic hybrid Aspen expressing Agrobacterium tumefaciens
T-DNA indoleaceticacid-biosynthetic genes. Plant Physiol.
109 1179–1189
Vain P, Afolabi AS, Worland B and Snape JW 2003 Transgene
behaviour in populations of rice plants transformed using a new
Marker-free transgenics 195
J. Biosci. 37(1), March 2012
dual binary vector system: pGreen/pSoup. Theor. Appl. Genet.
107 210–217
Verweire D, Verleyen K, De Buck S, Claeys M and Angenon G
2007 Marker-free transgenic plants through genetically
programmed auto-excision. Plant. Physiol. 145 1220–1231
Waldron C, Murphy EB, Roberts JL, Gustafson GD, Armour SL
and Malcolm SK 1985 Resistance to hygromycin B. Plant Mol.
Biol. 5 103–108
Wallbraun M, Sonntag K, Eisenhauer C, Krzcal G and Wang YP
2009 Phosphomannose isomerase pmi gene as a selectable
marker for Agrobacterium-mediated transformation of rapeseed.
Plant Cell Tiss. Organ Cult. 99 345–351
Wang AS, Evans RA, Altendorf PR, Hanten JA, Doyle MC and
Rosichan JL 2000 A mannose selection system for production
of fertile transgenic maize. Plant Cell Rep. 19 654–660
Wang Y, Chen B, Hu Y, Li J and Lin Z 2005 Inducible
excision of selectable marker gene from transgenic plants by
the Cre/lox site-specific recombination system. Transgenic
Res. 14 605–614
Weeks JT, Koshiyama KY, Maier-Greiner UH, Schaeffner T and
Anderson OD 2000 Wheat transformation using cyanamide as a
new selective agent. Crop Sci. 40 1749–1754
Wilkinson MJ, Davenport IJ, Charters YM, Jones AE,
Allainguillaume J, Butler HT, et al. 2000 A direct regional
scale estimate of transgene movement from genetically
modified oilseed rape to its wild progenitors. Mol. Ecol.
9 983–991
Woo HJ, Cho HS, Lim SH, Shin KS, Lee SM, Lee KJ, Kim DH
and Cho YG 2009 Auto-excision of selectable marker genes
from transgenic tobacco via a stress inducible FLP/FRT site-
specific recombination system. Transgenic Res. 18 455–465
Wright M, Dawson J, Dunder E, Suttie J, Reed J, Kramer C,
Chang Y, Novitzky R, Wang H and Artim-Moore L 2001
Efficient biolistic transformation of maize Zea mays L and
wheat Triticum aestivum L using the phospho-mannose isom-
erase gene pmi as the selectable marker. Plant Cell Rep.
20 429–436
Wu KM 2007 Monitoring and management strategy for
Helicoverpa armigera resistance to Bt cotton in China.
J. Invertebr. Pathol. 95 220–223
Xia Z, Gao L, Luo Y, Deng X, Li S and Zhai W 2009
Application of competitive PCR for screening selectable
marker-free Xa21 transgenic rice. Sheng Wu Gong Cheng
Xue Bao 25 605–610
Xing A, Zhang Z, Sato S, Staswick P and Clement T 2000 The use
of two T-DNA binary system to derive marker-free transgenic
soybeans. In Vitro Cell Dev. Biol. Plant 36 456–463
Xingguo YE and Qin H 2008 Obtaining marker-free transgenic
soybean plants with optimal frequency by constructing a three
T-DNA binary vector. Front. Agric. China 2 156–161
Yamada T, Tozawa Y, Hasegawa H, Terakawa T, Ohkawa Y and
Wakasa K 2004 Use of a feedback-insensitive a subunit of
anthranilate synthase as a selectable marker for transformation
of rice and potato. Mol. Breed. 14 363–373
Yang A, Qiao S and Lijia A 2009 Ovary-drip transformation: a
simple method for directly generating vector- and marker-free
transgenic maize Zea mays L with a linear GFP cassette
transformation. Planta 229 793–801
Yang A, Su Q, An L, Liu J, Wu W and Qiu Z 2009 Detection of
vector- and selectable marker-free transgenic maize with a
linear GFP cassette transformation via the pollen-tube pathway.
J. Biotechnol. 139 1–5
Yang AF, Su Q and An LJ 2009 Generation of vector backbone-
free and selectable marker-free transgenic maize Zea mays L via
ovary-drip method. Yi Chuan 31 95–100
Yemets A, Radchuk V, Bayer O, Bayer G, Pakhomov A, Baird
WV, et al. 2008 Development of transformation vectors based
upon a modified plant a-tubulin gene as the selectable marker.
Cell Biol. Int. 32 566–570
Yoder JI and Goldsbrough AP 1994 Transformation systems for
generating marker-free transgenic plants. Bio/Technology
12 263–267
Yohichi W, Motoyasu O, Koh I and Takiko S 1998 Co-
integration co-expression and co-segregation of an unlinked
selectable marker gene and NtFAD3 gene in transgenic rice
plants produced by particle bombardment. Gen. Genet. Syst.
73 219–226
Yoshida K and Shinmyo A 2000 Transgene expression systems in
plants a natural bioreactor. J. Biosci. Bioeng. 90 353–362
Yu H, Liu Q, Wang L, Zhao Z, Xu L, Huang B, Gong Z, Tang S
and Gu M 2006 Breeding of selectable marker-free transgenic
rice lines containing AP1 gene with enhanced disease resis-
tance. Agric. Sci. China 5 805–811
Yu HX, Liu QQ, Xu L, Lu MF, Yang XJ, Gong ZY, Cai XL,
Zhang YS, et al. 2009 Quality characteristics and field
performance of selectable marker-free transgenic rice with
antisense Wx gene and improved quality derived from the elite
parents of hybrid indica rice. J. Cereal Sci. 50 370–375
Yuan Y, Liu YJ and Wang T 2004 A new cre/lox system for
deletion of selectable marker gene. Acta Bot. Sin. 46 862–866
Zakharchenko NS, Pigoleva SV, Yukhmanova AA and Buryanov YI
2009 Use of the gene of antimicrobial peptide cecropin P1 for
producingmarker-free transgenic plants. Rus. J. Genet. 45 929–933
Zelasco S, Ressegotti V, Confalonieri M, Carbonera D, Calligari P,
Bonadei M, Bisoffi S, Yamada K and Balestrazzi A 2007
Evaluation of MAT-vector system in white poplar Populus alba
L and production of ipt marker-free transgenic plants by
‘singlestep transformation’. Plant Cell Tiss. Organ Cult 91 61–72
Zhandong Y, Shuangyi Z and Qiwei H 2007 High level resistance
to Turnip mosaic virus in Chinesecabbage Brassica campestris
ssp pekinensis Lour Olsson transformed with the antisense NIb
gene using marker-free Agrobacterium tumefaciens infiltration.
Plant Sci. 172 920–929
Zhang W, Subbarao S, Addae P, Shen A, Armstrong C, Peschke V
and Gilbertson L 2003 Cre/lox-mediated marker excision in
transgenic maize Zea mays L plants. Theor. Appl. Genet.
107 1157–1168
Zhang Y, Li H, Ouyang B, Lu Y and Ye Z 2006 Chemical-induced
autoexcision of selectable markers in elite tomato plants
transformed with a gene conferring resistance to lepidopteran
insects. Biotechnol. Lett. 28 1247–1253
Zhang WJ, Yang SS, Shen XY, Jin YS, Zhao HJ and Wang T 2009
The salt-tolerance gene rstB can be used as a selectable marker
in plant genetic transformation. Mol. Breed. 23 269–277
Zhang Y, Liu H, Li B, Zhang JT, Li Y and Zhang H 2009
Generation of selectable marker-free transgenic tomato resistant
196 Narendra Tuteja et al.
J. Biosci. 37(1), March 2012
to drought cold and oxidative stress using the Cre/ loxPDNA
excision system. Transgenic Res. 18 607–619
Zhao Y, Qian Q, Wang HZ and Huang DN 2007 Co-
transformation of gene expression cassettes via particle bom-
bardment to generate safe transgenic plant without any
unwanted DNA. In Vitro Cell Dev. Biol. Plant 43 328–334
Zhou H, Arrowsmith JW, Fromm ME, Hironaka CM, Taylor ML,
Rodriguez D, et al. 1995 Glyphosate-tolerant CP4 and GOX
genes as a selectable marker in wheat transformation. Plant Cell
Rep. 15 159–63
Zhu Z and Wu R 2008 Regeneration of transgenic rice plants using
high salt for selection without the need for antibiotics or
herbicides. Plant Sci. 174 519–523
Zubko E, Scutt C and Meyer P 2000 Intrachromosomal recombi-
nation between attP regions as a tool to remove selectable
marker genes from tobacco transgenes. Nat. Biotechnol.
18 442–445
Zuo J, Niu QW, Moller SG and Chua NH 2001 Chemical-
regulated site-specific DNA excision in transgenic plants. Nat.
Biotechnol. 19 157–161
MS received 28 July 2011; accepted 20 December 2011
Corresponding editor: IMRAN SIDDIQI
Marker-free transgenics 197
J. Biosci. 37(1), March 2012
